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HORIZONS 


Research Emphasis 
on Cost Engineering 

Conscious cost engineering may well be a part of 
every sound product design and development pro- 
gram. Too often, cost factors are delegated to manu- 
facturing and purchasing departments. But cost re- 
duction actually should start at the research level, 
concurrently with the investigation of new materials, 
components, and design techniques. Of course, cost 
considerations should be consistent with established 
standards of quality and performance. 

Product-cost reduction is described as “one of the 
most important and least publicized phases of engi- 
neering, by A. C. Monteith, vice president in charge 
of engineering, in the January issue of the Westing- 
house Engineer. More often than not, Mr. Monteith 
adds, when engineers learn to make a product more 
cheaply, they also learn to make it better. 


“Crash Schedules” 
and Complexity 

Design and development “crash schedules,” al- 
though highly necessary in many instances, too fre- 
quently lead to over-complexity in design. It may 
seem paradoxical, but it actually takes more time to 
develop a simple, uncluttered design than one that 
is over-engineered and over-intricate. When the pres- 
sure is on the meet contract deadlines, it becomes 
difficult to resist the temptation to throw in still 
another control or more circuitry to solve a problem. 

There’s an old journalistic saw that it takes more 
time to write a short editorial than a long one . 
The analogy to simple versus complex design is ob- 
vious. 


“Consulting” 
Computers— 

Computer facilities on a “consulting” basis are of- 
fered by several research organizations for the solu- 
tion of design and other problems where manual 
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computation techniques are not adaptable. Armour 
Research Foundation’s “Computer Center,” for ex- 
ample, reports rapid expansion since its first opened 
its doors in 1950 to serve its own needs and those of 
industry generally. 

Equipment includes both digital and analog com- 
puters. The staff consists of physicists, mathematicians 
and engineers trained in the translation of problems 
into specialized “languages” employed by the com- 
puters. ... An 8-page bulletin describes the computer 
facilities in detail; it is available on request from 
Armour Research Foundation, Technology Center, 


Chicago 16. 


Metallic-Film 
Potentiometer 

Resistance element of a new semi-precision potenti- 
ometer developed by Fairchild Camera and _ Instru- 
ment Corp. is made by depositing a precious metal 
film on an inorganic substrate that is electrically 
stable at temperatures up to 225 C. The potentiometer 
is indicated for applications where small size is re- 
quired, combined with infinite resolution, high- 
wattage dissipation, high-temperature operation, and 
a wide resistance range. 

Dimensions are % in. diam and % in. length. Po- 
tentiometer is now being made available in sample 
quantities for evaluation purposes. 


Printed-Circuit Miniature 
Electrostatic Generator 

Printed-circuit and miniaturization techniques have 
been utilized by National Bureau of Standards engi- 
neers in the design of an electrostatic generator for 
the Bureau of Ships, to be used as a high-voltage 
source with radiation survey instruments. Compared 
to conventional power supplies, the new generator is 
said to be easier to fabricate, is potentially less ex- 
pensive, and contains fewer components. 
Essentially, it consists of a stator with two field 
plate conductors and a rotor with a number of pairs 
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RESEARCH HORIZONS 





of conducting sectors. The required printed-circuit 
patterns are made economically using etched copper- 
toil-clad phenolic laminate. Brushes transfer electrical 
charges between the components of this system and 
the storage capacitor. A reciprocating drive mecha- 
nism operated by an external lever allows the rotor 
to be driven at speeds up to 6000 rpm. The reciprocat- 
ing drive was selected because of its convenience, 
small size and adaptability to a hermetically sealed 
generator. 

Experiments indicate no apparent size limitation for 
successful performance; practical units have been built 
as small as 1% in. diameter. Tests have shown that a 
0.02-mf capacitor can be charged to 2 kv in about 
15 sec. 


What Future for 
Millimeter Waves? 


The millimeter-wave portion of the radio-frequency 
spectrum “should become as important to the art of 
communieation as any which preceded it,” according 
to an interesting discussion in a recent issue of the 
Aerovox Research Worker (Vol. 23, No. 9). To ques- 
tion the ultimate utility of these waves, the report 
states, is probably just as fallacious as the opinions 
advanced some 20-odd years ago that all wavelengths 
below 200 meters were of little, if any, value. 

At present, new devices proposed for the generation 
of millimeter waves are for security-classified military 
purposes, and most of these are of such complex and 
cumbersome design that uses outside the laboratory 
are still “highly improbable.” However, once the exist- 
ing difficulties and shortcomings are overcome many 
important uses are seen as likely. 

Since waveguides associated with millimeter waves 
are small, one use envisions long-distance communi- 
cation through evacuated or gas-filled waveguides 
consisting virtually of “hollow wires.” Such transmis- 
sion lines would carry large bandwidths and there- 
fore a single line should be capable of carrying thou- 
sands of audio or hundreds of TV channels. 


Design Factors in 
Electronic Equipment 


Current lecture series of the Long Island Section 
of the Institute of Radio Engineers approaches the 
design of electronic equipment from six directions 
that effectively illustrate the design-team concept: 
Assembly and Wiring 
Tolerances and Adjustments 
Minimizing Heat Sources 
Mechanical Design 
Environmental Protection 
3. Controls and Displays (Designing for the Man- 

Machine System) 

The human engineering aspect in the development 
of controls and displays reflects the growing accept- 
ance of psychophysical and anthropometric data as a 
necessary base for proper design. 
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Porcelain Enamel— 
Radioactive Barrier 

Materials containing oxides of metals with high 
atomic weights, such as lead and barium, are highly 
effective in absorbing gamma radiation. So are the 
pure elements cadmium and_ boron. Conventional 
enamels have contained lead or barium in small 
amounts and boric acid has always been a common 
ingredient. . . The inherently good resistance of por- 
celain enamel to radioactive contamination has there- 
fore impelled further research, aimed at the develop- 
ment of special protective surfaces for instruments 
and equipments used in nuclear work. 

A recently released AEC report, based on work 
done at the University of Alabama, discloses that 
satisfactory ground-coat enamels have been com 
pounded containing barium oxide to the extent of 60 
per cent of the melted weight of the enamel frit 
Other satisfactory enamels contained 60 per cent o! 
lead oxide and 60 per cent of cadmium oxide, same 
weight basis. Enamels made with boric acid content 
up to 47 per cent were not satisfactory since the 
enamels lacked proper adherence to metals. 

Laminated plates of as many as 12 sheets ot 
metal bonded with enamel were made. These could 
be fabricated into a wide variety of shapes with 
physical properties dependent on the types of ename!s 
used. When used with enamels containing large 
quantities of barium or lead oxide, these laminated 
plates appeared to be more useful for the absorption 
of neutrons or other radiations than single sheets of 
enamelled metal where the coatings are. relatively 
thin—0.009 to 0.011 in. 

Copies of the report (No. ORO-47) are availabli 
from the Office of Technical Services, Department o} 
Commerce, Washington 25, D. C., at 35¢ per copy 


Capsule Notes on 
Research Reports 


“A Business Based on Research,” a 30-page reprint 
of a discussion by Brig. Gen. David Sarnoff, chairman 
of the board of RCA, before a meeting of the New 
York Society of Security Analysts. Gen. Sarnofl 
speculates provocatively on the future in transistor 
electronics, magnetic recording in TV, electronic air 
conditioners, electronic kitchen appliances, and other 
developments. Available on request from RCA De 
partment of Information, 30 Rockefeller Plaza, New 
York 20. 

“Scientific Research and Development in American 
Industry,” exhaustive 106-page study issued by the 
Bureau of Labor Statistics, U. S. Department of Labor, 
in cooperation with the Detense Department. Fifty 
per cent of the industrial research and development 
work is done by three manufacturing industries—the 
electrical machinery, aircraft, and chemicals. The re- 
port (Bulletin No. 1148) is available from the Super- 
intendent of Documents. Washington 25, D. C., at 
590¢ per copy. 


—A. E. J. 
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EDITORIAL 


Ideas From Abroad 


DESIGN ENGINEERING in this country can 
well afford to look abroad for new ideas 
Proud as we are, and justifiably so, of our 
great achievements in product develop- 
ment for industry, commerce and the home, 
we should also recognize outstanding 
achievements across the Atlantic, and _in- 
deed elsewhere overseas, as in Australia 
and Japan. Progress in product design and 
development feeds upon and grows from 
a mutual exchange of knowledge and ideas 
by the scientists, engineers and technolo- 
gists of all the free countries. Men working 
in the fundamental sciences have, of course, 
long recognized this fact. But the product 
design engineers have in the main been 
content to be insular in their outlook; and 
insularity, whether on a local or on an 
international basis, results in a_constric- 
tion of outlook, vision and progress. 

The mechanics for acquiring a knowl. 
edge of foreign developments in materials. 
components and design techniques are not 
difficult. They do not require a knowledge 
of languages. Most American scientific and 
engineering journals report regularly on 
the developments abroad. In particular, the 
reports of meetings of international com- 
mittees offer a good insight into the think- 
ing of our fellow engineers abroad. 

Frequently enough, the practical de- 
mands of European markets, such as the 
need for “working” materials harder, or 
the urgency for conservation of materials. 
force the European engineers to create and 
adapt new designs of significant impor- 
tance; as frequently, they pioneer in new 
materials and techniques. Some of our vers 
newest materials in the fields of magnetics 
and dielectrics, among others, stem from 
research overseas. Magnetic tape record- 
ing, in fact, the heart of many automatic 
production systems, was first practically ap- 
plied in Germany. 
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The new NEMA reduced trame-sizes for 
motors, for example, reflect European in- 
fluence. Improvements in domestic elec- 
tric sewing machines offer another example 
where American designers have had to 
meet such design competition. The increas- 
ing volume of imports into this country of 
electrical equipment, ranging from appli- 
ances to massive generating equipment. 
produced by European’ manufacturers 
known for the high quality of their prod- 
ucts, must bear testimony to two facts: 
(1) Either the foreign equipment is su- 
perior to ours; or (2) it is equal to ours in 
design and also offers cost advantages. 

It would be rash to assume that the cost 
advantages are based soley on cheaper 
labor. Countries such as Sweden, Switzer- 
land, Belgium, and Great Britain have rea- 
sonably good living standards. It would 
be wise to assume that more economical 
use of basic materials, and perhaps simpler 
and less costly design, may provide the 
answers. 

But an analysis of the design practices 
that make it possible for foreign manu- 
facturers to compete on the American 
market should not be made for the purpose 
of shutting out such imports. The objective 
should be to obtain knowledge and ideas. 
Manufacturers of electrically operated 
products, as well as other segments of 
American industry, should recognize that 
foreign trade must of necessity be a two- 
way street. It is much better for our na- 
tional economy to allow foreign countries 
to sell us their products, than for us to give 
them outright gifts. 

The editors of EvecrricaL MANUFAC- 
TURING have consistently reported on for- 
eign developments in materials, compo- 
nents and design ideas (see Bibliography 
on page 156 this issue). This policy will 
be continued and amplified in the future. 
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Designing 
Emergency 
Control 


Into Monitor Circuits 


Faults or combinations of faults in some types of 


automatic equipment may create an emergency situation 


endangering product or personnel. Proper design of monitoring 


systems — which can actually recognize an emergency and the 


degree of danger involved — assures operational safety. 


Frank R. Simpson, Director Research and Development 
THe KuyiAN Corporation, Philadelphia 


WHEN DESIGNING EQUIPMENT to be used for automatic 
production, the engineer often can predict that mal- 
functioning of certain elements in the cycle will lead 
to an unfavorable condition. This unfavorable condi- 
tion may constitute an emergency if the element of 
danger is present. Consider a transfer-type machine 
tool, for example. It is foreseeable that should the 
machine attempt to transfer when a tool has failed 
to retract, the tool will be broken. This is an unfav- 
orable condition and, possibly, an emergency condi- 
tion should it be likely for the broken tool to fly off 
in the direction of the machine operator. Again, con- 
sider an equipment installation for automatic process- 
ing of a chemical. Perhaps it is necessary to add a 
liquid inhibitor to the basic mixture at a given point 
in the cycle to prevent an explosion. It is, of course, 
evident that the failure of the motorized valve used 
to introduce the inhibitor constitutes an emergency. 
When such conditions are anticipated, it is the 
responsibility of the designer to provide controls that 
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will assure safe operation. Some type of monitoring 
is usually needed in the form of feedback circuits. 
With these, the conditions at various points in the 
automatic system can be indicated in visual form at 
a centralized contro] station. An operator observing 
the lamps, dials, charts, etc. on the monitor board 
can take corrective steps when troubles occur. 

Engineers of the Kuljian Corporation have made 
the basic monitoring techniques even more effective 
in the centralized process controls built for various 
industries. The monitoring systems are equipped not 
only to give visual indication to an operator but to 
actually recognize an emergency condition and react 
to it. This is done by panelboards whereon a series of 
pilot lamps show the on or off condition of all critical 
components in the systems. Circuits are energized 
should one or more particular combination of lights 
show simultaneously. If the combinations represent 
a dangerous set of conditions, the controller may be 
said to have recognized an emergency. 


Designing for Safety. Where the element of danger 
exists in a production process, automatic or robot 
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FIG. 1 (Right)—Schemat- 
ic of arrangement of 
equipment for a_ typical 
process control system. 
Cireuits in the control 
regulate each step in the 
eycle of operations re- 
quired to convert raw ma- 
terials into the desired fin- 
ished product. 
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FIG. 2—Block diagram of multi-station process controller. The control feedbacks are sensing elements that = 


provide the information by which the monitor determines whether or not the equipment i functioning 


according to plan. 


controls offer the benefits of removing the possibility 
of human error and of allowing the operator or op- 
erators to be stationed remotely from the hazardous 
zone. The robot controller is given instructions in the 
form of built-in mechanisms that can perform only 
according to a predetermined schedule. It is necessary 
for the robot to continually furnish indication of what 
is transpiring at any instant. The controls should be 
designed so that the operator can stop the cycle as 
might also be necessary if any external emergency 
should arise. 

The robot must be able to recognize any danger 
encountered and report it immediately to the operator. 
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If the degree of danger becomes of sufficient impor- 
tance, the robot should stop the process and auto- 
matically go into an emergency condition wherein 
an alarm is given to the operator. The emergency con- 
trol provisions should include whatever steps are 
necessary to protect the equipment from internal 
damage. These steps may be drastic enough to mean 
the ruin of any material in process, but they insure 
against damage to apparatus and buildings and may 
even prevent loss of life. 

The operator is given a visual report of what the 
robot is doing at any instant so that he is able to 
determine whether or not the process is going ac- 
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cording to plan. At the same time, the operator can 
tell instantly in an emergency what particular station 
or operation is at fault and correct it. If the condition 
is corrected to the operator's satisfaction, he can 
permit the robot to resume control. If the product 
should be ruined, the operator must discard it and 
start the robot on another cycle. Centralized process 
controllers of this type have been built by the Kuljian 
Corporation with as many as 18 control stations per- 
forming 28 different successive operations at various 
time intervals up to about 30 min max. The robot 
controller operates through solenoids to open or close 
valves in various locations to admit or release liquids 
or gases at various pressures to suit specified require- 
ments, as shown in the schematic arrangement, Fig. 1. 

The requirements of the process are that each liquid 
or gas be admitted to the process chamber in a 
predetermined sequence and for an appropriate 
length of time. Each must build up to a certain 
pressure before the particular stage in the process 
can be considered complete. This is necessary because 
the failure of any one of the liquid or gas supply sys- 
tems would ruin the product or result in damage to 
the equipment. If the pressure is not built up to the 
required range, the robot controller will go into an 
emergency position and signal the operator that some- 
thing has gone wrong. After the operator has cor- 
rected the cause of the trouble and reset the switch, 
the robot resumes the schedule of operations until 
the process is completed, unless stopped by another 
emergency situation not conforming to the assigned 
program. 

The robot controller functions to open or close 
specific valves through solenoids when required by 
the program but only when all conditions are favor- 
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FIG. 4—Indicator panels 
provide visual monitoring 
information for operator. 
Horizontal rows of pilot 
lights represent actuating 
elements (valve motors, 
solenoids, limit switches, 
etc.) of the system. Each 
light in the vertical rows 
corresponds to a definite 
stage of the cycle. Master 
charts are attached below 
and right of pilot lights. 


able. In the meantime, all other operating valve sta 
tions must remain open or closed as the controller 
left them previously. If for any reason a valve opens 
or closes without the action of the controller, a signal 
is transmitted back to it and an emergency condition 
is set up that stops the process until corrected. This 
is accomplished through a feed-back system whereby 
the controller monitors all conditions existing in the 
controlled apparatus. In turn, the controller provides 
full information for the operator of the conditions 
throughout the apparatus at each stage of the process 
The only control duties of the operator then are check- 
ing the signal lights at each stage to see that each 
station is operating according to schedule and cor 
recting for any emergency condition that may arise. 
In addition to these control duties, the operator can 
be assigned the task of loading and unloading the 
process chamber. Even this work can be handled by 
the robot with suitable mechanization of the feeding 
and unloading equipment so that a continuous batch 
manufacturing process is obtained. In this case, the 
operator need act only as a monitor. 


Basic Units. Essentially, the complete apparatus 
for processing a product by this method is divided 
into three classes: 


1—Process controller 
2—Controlled apparatus 
3—Process equipment 


The basic units composing each of these and their 
schematic relationship to each other are shown by 
a block diagram, Fig. 2. Depressing a pushbutton 
starts the process controller on its cycle when the 
operator has everything in readiness. From then on, 
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no attention is required until the process is completed. 
If for any reason the operator must stop the process. 
he can do so by means of a pushbutton. All stations 
then automatically go into the emergency condition 
required by the nature of the work at that point in 
the process. 

The timer is used to control the duration of each 
stage in the process to suit the product. Provision is 
made to limit each stage to a predetermined time and 
to allow adjustment to the individual requirements. 
It is necessary also to provide that the requisite con- 
ditions of pressure or temperature be attained in the 
process chamber before the time period is ended. 
If this fails because of any defect, the controller must 
report the condition and go into an emergency posi- 
tion until the trouble is removed. To alert the oper- 
ator, a bell is rung and a red light appears on the 
contro] panel. Indicating lights show that all the 
contro] stations have gone into proper emergency 
position. 

The controller is the brain of the robot. In it are 
stored instructions as to what control function must 
take place at any particular instant during the process. 
This is accomplished by means of a series of cams. 
one for each station, that is rotated slowly by a small 
electric motor and gear reducer, Fig. 3. Also furnished 
are One or more cams that control the stages of the 
process. 

The control cams operate a series of electrical 
switches that make or break the circuits to the various 
solenoid valves or control points. The stage cams 
regulate the movement from one position or stage 
in the process to the next, operate switches that en- 
ergize the indicator lights, and interlock the controls 
governing the length of cycle time. 
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FIG. 5—Schematic diagram of arrangement of 
pilot lights and program charts. The start stage 
is functioning and the chart shows that the 
appropriate four devices are closed or energized. 
In the succeeding stages, monitor lamps will be 
illuminated in conformance with the chart. 
Should the monitor lamp be lighted in either 


pattern marked on the emergency program 


eharts, a hazardous condition exists. 


The indicator panel reports to its operator every 
move that the robot makes. This is done by a series 
of lights located as shown in Fig. 4. Where emergency 
conditions can exist, the lights are red. Where normal 
operation exists, the lights are green, revealing that 
the designated station is operative unless there is 
a functional failure, in which case the light will not 
be on as required. If the operator does not notice 
this in time, the controller automatically goes into a 
condition of primary or secondary emergency and 
stops the process until the operator corrects the con- 
dition. On this panel are located also the emergency 
indicator lights and the control pushbutton for starting 
and stopping the process. 

The stages in the process are indicated successively 
by a series of green lights along the Y-axis and the 
control stations by a series of green lights along the 
X-axis. The lights are on or off as the chart of 
the operations require. This chart is located below 
the X-axis and opposite the Y-axis so as to make it 
easy for the operator to check the station lights to 
see if they agree with the charted requirements. If 
he wishes, the operator can stop the process at any 
point. The process is resumed simply by pressing 
the start button. All the time the process is in opera- 
tion, indicator lights report the conditions existing at 
each station. 

Below the stage indicator lights are the emergency 
indicators for showing the two or more most danger- 
ous conditions that require immediate action by the 
operator and that might result in serious trouble if 
the process is allowed to continue. These also sound 
an alarm to call the operator who must correct the 
trouble and reset the mechanism by a locked control 
so that there is no possibility for inadvertent restart- 
ing of the process. 


Control Stations. The translation of the robot's 
stored information into action is accomplished by the 
control stations (Fig. 2) which respond by means 
of relays, solenoids, valves, switches or other mech- 
anisms to actually further the work of the process. 
This permits the controlled apparatus and process 
equipment to be placed sufficiently remote from the 
operator to keep him out of the zone of danger. Vari- 
ous circuit arrangements can be made between the 
control stations for interlocking. This insures that 
one station functions only when the associated sta- 
tions are in proper position to give safe operation. 

The process equipment is designed to feed back 
a signal to the controller after it has responded as 
required to a control impulse. The subjective feed- 
back system is usually in the form of electric switches 
that indicate, for instance, the position of a control 
valve as open or shut. The same system can be ap- 
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Feedback circuits inform the central 


control whether or not the equip- 


ment is performing as required. 





plied to a cover or door of the apparatus or to any 
other physical state or action that may require mon- 
itoring. A more objective feedback system may be 
incorporated in which pressure or temperature sens- 
ing devices insure that the correct conditions exist 
in a vessel to permit the process to continue at any 
stage. This covers conditions, such as failure of the 
gas or liquid supply or trouble with the heat source, 
that give sufficient cause for shutting down the process 
until corrected. The failure of the pressure or tem- 
perature of the fluid supply may not be the direct 
cause of the trouble, but may, for instance, indicate 
a leakage of air into a retort or vessel where the 
process is protected by an inert gas. In such cases, 
the presence of air would result in an explosive at- 
mosphere. 

A great variety of batch or cyclic processes and 
their associated equipment can be controlled by a 
robot, multi-station process controller. Each applica- 
tion should be given careful study, and proper inter- 
locking of the stations should be made to give maxi- 
mum protection. At the same time, every effort should 
be made to keep the number of control stations to a 
minimum and, wherever possible, two or more sta- 
tions should be controlled from the same control cam 
where their functions are identical or supplementary. 

The nature of the equipment being controlled can 
vary considerably and can include that used in almost 
any cyclic process that would be performed by an 
operator with periodic recurrence. It may call for 
apparatus that requires mechanical movements such 
as placing a charge or article in a furnace or con- 
tainer, closing and locking the door or cover, turning 
on various valves to admit liquids or gases, starting 
pumps to remove chemicals or solutions, and with- 
drawing the finished product after completing the 
cycle. This equipment can be placed at a remote 
position from the control and operator in cases of 
explosive or unhealthy processes. 


Controller Design. A series of rugged cams mounted 
on a single shaft is the rotary element of the con- 
troller, Fig. 3, that determines the sequence of op- 
eration of each control station at any specified time 
in the cycle. Each cam operates a small-travel, make- 
or-break switch that controls a relay for energizing 
or de-energizing a solenoid-operated valve, door, mo- 
tor-operated actuating mechanism, or other electrical 
device required in the process. The cam is supported 
by two bearings and driven by a small motor and 
gear reducer through a worm and gear arrangement. 
The train of gearing reduces cam overtravel during 
deceleration of the motor to a sufficiently small amount 
that the operation will not require great accuracy of 
cam setting. 

Depending on the number of working stations re- 
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quired, one or more position-control cams are pro- 
vided on the driven end of the cam shaft to position 
it at the required angle to suit the particular stage in 
the operation. Since a total of only 360 deg of angular 
motion of the cam shaft is available and since a cer- 
tain amount of movement is required to actuate the 
position switch, small angular changes are obtained 
by using two or more equally spaced and identically 
cut cams. These are staggered on the cam shaft to 
give alternate operation of the positioning switches. 
At the same time, a spring-loaded contactor in a 
moving arm rotates over fixed points and energizes 
successively the circuits to the various stage-indicat- 
ing lights on the panel to show the operator the 
position or stage in the cycle then in operation. 
According to the nature of the station being con- 
trolled, a suitable normally open or normally closed 
switch on this controller functions through a relay 
to cause the operated equipment to perform as re- 
quired by the process. By using the proper shape 
of cam, a valve or other element can be made to 
operate several times during one complete cycle. With 
suitable contactors, it is also possible to operate more 
than one station at a time where their function and 
time cycle are the same or supplementary. To change 
the time in the cycle when any particular piece of 
equipment operates, it is necessary to unlock that 
cam from the shaft, rotate it to the proper position 
and relock it. If it is desired to change the number 
of movements in a cycle or the relation of the operat- 
ing points to each other, a new shape of cam would 
be required. Ordinarily, this is necessary only when 
experiments are being performed on such a_ process 
to determine the most suitable sequence of operation. 
By incorporating all of these features into the cams 
of the controller, a complete program of operation 
is permanently set up that should cause the entire 
process to function indefinitely without error, elim- 
inating the possibility of human mistake, which might 
occur when a process is repeated monotonously. 


Indicator Panel Arrangement. The indicator panel 
shown in Fig. 4 embodies the visual reporting system 
for informing the operator of the exact status of the 
process at any instant. This is done by providing a 
horizontal row of lights at the top of each major 
phase of the process to show what portions of the 
apparatus are in action at each stage, as indicated by 
lights in the vertical line. Only one green light is 
burning at any instant in the vertical line to indicate 
the particular stage at which the process is working. 

The two lights at the bottom of the vertical row 
are red, and are for use only when the controller in 
dicates an emergency condition of first or second 
degree of danger. When the controller goes into 
either emergency condition, it is necessary for the 
operator to check the process from the beginning to 
determine what the cause is. After the trouble has 
been located and corrected, he must unlock the 
cabinet and reset the controls to allow the process 
to continue. Ordinarily, after all of the equipment is 
operating as prescribed, emergency conditions will 
not occur unless there is a failure due to such unusual 
events as breakage of a part, jamming of some link- 
age, failure of power, failure to build up the proper 
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pressure in the required time, or some other specific 
trouble characteristic of a particular system over a 
long-range period of operation. It is the function of 
routine maintenance to prevent such failures, but it 
is important that the controller recognize each emer- 
gency and be prepared to handle it even if it occurs 
only once in the life of the apparatus. In the case of 
a dangerous process, no amount of precaution can be 
too great if it will insure against even the remotest 
possibility of failure. 

A certain amount of flexibility in the functioning 
of the process controller is desirable ,to allow for 
changes in the kind or sequence of operations. When 
these changes are made in the apparatus, the master 
charts, Fig. 5, on the front of the indicator panel are 
redrafted to show what lights should be on or off 
at any stage in the operation. These charts are always 
necessary to enable the operator to check the per- 
formance at each station, even under experimental 
conditions. They are particularly important when an 
emergency condition arises to give the operator a 
quick indication of where any failure originated. After 
some experience, he is able to go to the source of 
the trouble instantly and correct it, often with a 
negligible loss of time. 


Sequence Control 


The type and number of contro] stations can vary 
widely depending on the nature and complexity of 
the process. These can include many involved oper- 
ations that, if under manual control, require an ex- 
perienced man to perform a certain function after 
various specific conditions have been satisfied. For 
instance, it may be necessary to open a door in a 
process chamber only after the pressure in the cham- 
ber has been reduced to a specified value; or the 
temperature is sufficiently low; or a protective gas 
has been shut off to avoid waste; or a certain time 
interval has elapsed after shutting off the heat in 
the chamber. Such functions can be mechanized by 
various motor-driven or solenoid-type operators that 
can be brought under the supervision of the master 
controller, so that the element of human error can ‘be 
eliminated. 

As indicated above, certain control stations may be 
operated simultaneously or in a definite sequence 
with various time intervals between operations. This 
can be accomplished by timing devices placed in the 
control system that change the time of dwell of the 
drive motor of the controller at any stage of the 
process as required. It is even possible to provide that 
the process shut down and ring a bell or otherwise 
advise the operator when a certain stage is reached 
so that the operator can decide if it is satisfactory for 
the process to resume. His decision may be based. 
for instance, on a visual observation of the product 
under treatment. The operator need only press the 
start button to allow the process to continue. 

In the case of a hazardous process, it is possible 
to locate the operator's station at a safe distance from 
potential sources of danger or behind protecting 
barricades. This protects not only personnel but valu- 
able instrumentation in those cases where explosive 
possibilities are inherent in the process and cannot 
be eliminated through functioning of the controller or 


FEBRUARY 1954 


control stations. In most instances, adequate mech- 
anization of all phases of a process will entirely re- 
move any foreseeable hazard. 


Process Wiring. The wiring of controllers for various 
processes is subject to a large number of variations 
to suit special requirements. Referring to Fig. 6, the 
rear view of the instrument, it can be seen that there 
is mounted behind the front panel a secondary panel 
carrying the controller and much of its associated 
equipment. This leaves the back of the front panel 
free tor the wiring for the indicator lights and control 
switches. Because of the use of suitable terminal 
blocks and wiring harness, it is easy to remove the 
secondary panel for service on the controller and its 
associated parts. If the rear door is kept locked, in- 
experienced operators can be prevented from restart- 
ing the process after an emergency condition has 
arisen. This puts the responsibility for operation and 
safety of the apparatus under one man of suitable 
experience. Provisions are made in the wiring for 
switching each element to automatic operation, man- 
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FIG. 6—Rear view of control console showing 
cam timer in position and various relays, switches 
and terminal blocks. Bell sounds alarm when 
emergency conditions are noted. 
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By selecting from among the great 
variety of transducers now commer- 


cially available, monitoring can be 


applied to almost any function in a 


machine or process. Emergency 


control can benefit all industries. 
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ual control or entirely out of the circuit. This is ad- 
vantageous for testing operations or when starting 
up after revisions to the process. 

The use of timers at certain points in the wiring 
is required for controlling the period of time allowed 
for each stage in the process. For some processes, it 
is sufficient to have one timer control the dwell at 
each stage, keeping the period the same for all. This 
is possible when a period can be chosen that provides 
a suitable average time for all stages. In other in- 
stances, it is more economical that each stage be of 
just the right duration to suit the process. This 
may require that one stage in the process take 1 min 
to function while another may take 30 min or more. 
Long lengths of time are involved, for instance, when 
it is necessary to pump a large chamber full of liquid 
or for heating or cooling of a product. Under such 
conditions, the designer is obliged to furnish indivi- 
dual timers that can be separately adjusted. 

Suitable interlocking wiring is provided in certain 
portions of the system to prevent improper operation. 
In other instances, the wiring is arranged to cause 
the process to stop at a definite point and ring an 
alarm to require the operator to check the system or 
product before proceeding by pressing the restart 
button. 


Control Response. An important section of the 
wiring includes a system for providing a feedback 
signal that notifies the controller that a valve or 
other element is open or closed as may or may not 
be required by the system. When the valve fails to 
open or close within the period determined by the 
timer the controller goes into a first or second degree 
of emergency. When the pressure of a fluid in a 
system fails to attain its predetermined set point 
within the required time, due perhaps to failure of 
supply, excessive leakage or other cause, the con- 
troller indicates an emergency and refuses to recon- 
tinue the process. Whenever all conditions at the 
valve and in the system have been satisfied, then 
controller advance is in order and the control motor 
operates to move it to the next stage in the process. 

Various feed-back controls can be built into the 
system to make certain that: 


1—Pressures are above a minimum. 

2—Pressures are below a maximum. 

3—Temperatures are within the proper range. 

4—Liquid level in any container is correct. 

5—Mechanical linkages or locks are in the proper 
position. 
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6—Doors or closures are correctly positioned 
7—Control valves are operating correctly. 


Obviously, all of these provisions involve a certain 
amount of complication of the wiring and control 
system, but this is necessary to insure trouble-proof 
operation. Basically, it is necessary for the controller 
to tell certain pieces of the equipment to perform 
certain functions and it is necessary for each piece 
to feed back a signal to the controller that it has 
done exactly as required before the process can con- 
tinue. 

The electrical components required to perform the 
above functions are really sensing devices supplying 
data to the robot. These devices measure such quan- 
tities as pressure, temperature, liquid level, mechanism 
position and many other functions that may be re- 
quired in process work. Pressure of liquids or gases 
can be measured and controlled by a wide selection 
of commercially available pressure switches. These 
can be obtained for various degrees of pressure, sen- 
sitivity and range of adjustment. The switches feed 
back a control signal to the robot that the pressure 
is right or wrong. This informs the controller either, 
in the first instance, to proceed with the process or, 
in the second case, to go into an emergency condition 
and sound an alarm. The ability of the robot to re- 
spond to pressures in the system releases an operator 
from the tedious work of watching gages and possibly 
missing a sudden change during a moment of dis- 
traction. 

Temperatures are likewise monitored by suitable 
thermostats and temperature switches now available. 
Liquid level switches for volume control are obtain- 
able in many forms and, for large ranges, limit switches 
of various types can be used. Most mechanical func- 
tions such as sensing the position of various linkages, 
equipment parts, valve operating-mechanisms and 
other physical actions can use limit or position switches 
to feed back signals to the controller. 

A state of emergency in the operation of a process 
is created whenever the robot controller gives  in- 
structions to any portion of the equipment to perform 
a certain function and that part does not respond 
as required. It may be occasioned by an electrical. 
mechanical or other physical failure of any part of 
the apparatus. Whatever the cause, the controller 
recognizes that something is wrong in the system and. 
after the proper elapse of time, goes into a state of 
emergency of such a degree as the type of failure 
warrants. Depending of the degree of danger, the 
controller shuts off some valves, opens other valves. 
locks certain apparatus and in general prepares the 
equipment to resist any damaging effects to itself or 
the product with a minimum loss. The equipment 
stands by until the malfunctioning is corrected and 
it is instructed to continue. Naturally, this ability to 
distinguish the degree of danger and respond in a 
different way to each must be built into the system 
as the process requires. After the control svstem has 
been in operation for some time and al] the weak- 
nesses eliminated, there should seldom be any occa- 
sion for emergency disturbances, and these only if 
maintenance is inadequate on the equipment that is 
being monitored. oO 
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Wiring of 
Switchgear 


More reliable functioning of switchgear for the 


distribution and utilization of electric power has resulted 


from the use of thermoplastic wire insulation, stranded conductors. 


crimped terminals and improved wire supports. 


R. E. McDaniel, Medium Voltage Switchgear Dept 


GeneRAL ELectric Company, Philadelphia 


THE EFFECTIVENESS and reliability of switchgear de- 
pends to a large extent on the integrity of the sec- 
ondary and control circuits. For many years switch- 
gear was wired with No. 12 AWG solid wire except 
across the hinges of hinged panels, where stranded 
wire was used for flexibility. For the most part the 
wire was insulated with varnished cambric with a 
covering of felted asbestos and flame-proof cotton 
braid. Terminal blocks were required at each end of 
the exible wiring across the hinge in addition to 
other necessary locations; and cup washers were used 
to secure the wires. In most metal-enclosed switch- 
gear, Wire was supported in metal ducts and where the 
wire left the duct it was cabled with cord or bands 
and supported by the terminations. 

In recent years many improvements have been made 
in switchgear secondary and control wiring practice, 
among them changes in insulating materials. The use 
of a thermoplastic compound as the insulating me- 
dium for control and secondary wiring in place of 
varnished cambric is now fully accepted and permis- 
sible under industry standards. As was the varnished 
cambric, the synthetic insulation is enclosed in felted 
asbestos and a flame-proof cotton braid. 

The temperature limit on the insulation is 90 C, but 
such wiring is generally not located where high tem- 
peratures are found. Besides, the very low or occa- 
sional loading produces a maximum temperature rise 
on the conductor of approximately 25 C and this tem- 
perature rise is normally reached only at the center 
of the bundle. 


Thermoplastic insulation has a number of advan- 
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tages over the wrapped varnished cambric previously 
used. It is much less inflammable. Although affected 
by heat, the tendency to flow at high temperatures 
is fully counteracted by the asbestos and cotton braid. 
Since the synthetic insulation is applied to the con- 
ductor by extrusion, it is monolithic in structure and 
has a much more uniform dielectric strength. The 
material has good mechanical properties. It does not 
“set” when bends are made and has much better 
resistance to moisture. It is highly fungus resistant 
and deteriorates much more slowly with age. 

These improved properties permit the use of only 
20 mils of thermoplastic insulation for 600-volt wire 
as against the previously used 30 mils of varnished 
cambric. On account of the large number of wires 
present, this reduction in the size of the wire is im- 
portant in the design of the ducts and raceways and 
in the over-all design of switchgear. 


Stranded Wire. Experience has shown that it is 
difficult to remove insulation from solid wire without 
nicking the surface of the conductor. Such nicking 
even though slight, has been found to be the major 
cause of breakage of solid wire. Often such breakage 
does not occur until some time after the equipment 
is in service. Stranded wire, on the other hand, seldom 
if ever breaks completely from this cause, since any 
nicking affects only a few of the outside strands, with- 
out significantly impairing the integrity of the con- 
ductor. The concurrent development of adequate 
supporting means (see photos) permitted the substi- 
tution of flexible wire for solid wire for all control 
and secondary circuits. 


Reduction in Wire Size. Where solid wire was used, 
the minimum size considered adequate for mechanical 
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reasons was No. 12 AWG. However, from an elec- 
trical standpoint there is actually no need for such 
large wire since the current-carrying requirements 
are usually small and service intermittent. Neither is 
resistance a problem since conductor runs in factory- 
assembled equipments are short, and voltage drop 
and instrument transformer burden are accordingly 
insignificant, except in busses and leads carrying 
heavy currents of circuit-breaker solenoids. For such 
circuits wire even larger than No. 12 gage is often 
necessary to minimize voltage drop. 

These considerations led to the adoption of No. 14 
gage equivalent (41/.010 stranded) wire for all con- 
trol and secondary wiring in switchgear assemblies. 
This wire is conservatively rated at 21 amp continuous. 


Pressure Terminals. The pronged washer method 
of wire termination used with solid wire was found 
to be unsatisfactory for stranded wire because the 
strands tended to spread under the pressure of the 
washers and loosen the connection. Also stray strands 
projecting outside the washer prings were a possible 
source of faults. 

Extensive development and testing produced a 
very satisfactory pressure type terminal and a crimp- 
ing tool for its application. This terminal has ade- 
quate strength and when crimped has a resistance to 
wire pull-out greater than the tensile strength of the 
wire. Yet, it is small enough to meet the requirements 
for terminal board and device connections. The tight- 
ness of a crimped terminal depends on the relative 
amount of relaxation of the terminal and the wire after 
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the crimping tool is removed. The fact that stranded 
wire tends to expand more than the terminal makes 
crimping ideal for such a joint. 

A series of tests to check the electrical effectiveness 
of the terminal showed that it makes a much better 
connection than the former pronged washer method, 
and that it deteriorates less with time and exposure 
to corrosive atmospheres. 

Normally the terminal is applied with an air-oper- 
ated crimping tool, either bench or portable type. A 
uniform, dependable, fully crimped joint is produced, 
for once triggered the operation is carried to comple- 
tion unaffected by operator fatigue or lack of skill. 
The jaws of the crimping tool are kept uniform by a 
regular quality control inspection. For connections 
which must be made manually on the site, a hand 
operated tool is available that embodies a_ ratchet 
device which requires a complete stroke before the 
tool can be removed. 


Wire Supports. Vibration and shock during  ship- 
ment and after installation has been the immediate 
cause of most wire breakage so in addition to the 
change to stranded wire the method of supporting 
the wires has been improved. Lacking the stiffness of 
solid wire, stranded wire requires more supports to 
give a more orderly appearance. 

Metal ducts, grills, and raceways are still used to 
carry large bundles or groups of wires through the 
gear but on leaving the duct the smaller groups of 
wires are supported in saddle cleats with soft metal 
bands. See Fig. 1. 
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FIG. 3 — On _ hinged 
door panels, a clamp- 
ing strip on a perfor- 
ated metal grille orients 
the flexible stranded 
wire across the hinge. 


The saddle cleats are fastened to the panel or other 
steel surfaces by welding. When the leads cross in- 
struments or relays, the cleats are bolted to the case. 
The supports are installed 6 to 8 in. apart, Fig. 2, and 
in addition all points of stress, such as where wires 
leave the bundle, are given extra support. 

Where it is impossible to use the saddle cleats 
within the prescribed distance a stiffener is cabled 
with the other wires, using soft metal bands and 
buckles as a binder. 

Where control components are mounted on doors, 
panel wires which were formerly brought to terminal 
blocks at the hinged edge of the panel are now 
brought to and supported on a metal grill at the 
panel edge, Fig. 3. Here the wires across the hinge 
are given an extra support in the form of a clamping 
strip which maintains the wires in their proper posi- 
tion and clear of any binding or pinching by the hinge. 

This arrangement also eliminates the necessity for 
a break at each end of the connection across the door 
hinges and removes one of the two sets of terminal 
blocks formerly required, resulting in a simplification. 
It is not always practical to extend a continuous run 
of wire from the device on the hinged panel to its 
terminal on a device mounted in the stationary hous- 
ing. However, except for certain types of applications, 
the second set of terminal blocks will soon be elimi- 
nated by the use of a butt-connector, similar to that 


shown in Fig. 4. It is a form of pressure connector 


provided with a plastic type insulation and is attached 
with a crimping tool. 
Experience with thermoplastic insulation, stranded 
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wire, and pressure terminals provides ample evidence 
that they have greatly improved the ability of switch- 
gear to perform its function. At the same time the new 
methods, which eliminate terminal blocks and im- 
prove the wire supports have made a substantial 
contribution to the reliability of factory-assembled 
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FIG. 4—Butt connectors used to tie in secondary 
and control circuits across a hinge. 








Applying 


Automation Techniques to 


Motor Testing 


The coming of high-output automatic machines 


means that product-testing must be expedited also. 


An example is given of how testing can be mechanized by an 


extension of the proven principles of automatic control. 


V. Spagnuolo, Gemco ELectric Company, Detroit 


ONE OF THE MAIN OBJECTIVES behind the addition of 
automatic machines and materials handling systems 
to production lines is to increase output. The gain in 
units-per-hour made possible by modern equipment 
has necessitated changes in inspection procedures. To 
accommodate stepped-up output without sacrificing 
quality control, it is required either to add personnel 
to the inspection department or to provide automatic 
test equipment. The latter solution is obviously pref- 
erable in most cases and so it has become the task 
of the designers of automatic production machines to 
engineer suitable test stations. 

The design procedures that are basic to the de- 
velopment of modern machines apply also to mechan- 
ized inspection stations. Actually, these are made up 
of appropriate test fixtures, automatic controls and 
monitoring devices. An example of an automatic 
inspection station is that used to test fractional-horse- 
power, single-phase compressor motors on the refrig- 
erator assembly line of the Nash-Kelvinator Corpora- 
tion. Except for the test fixtures and a_ portable 
pushbutton and pilot lamp panel, the complete ap- 
paratus, Fig. 1, is housed in a console-type control 
cabinet. Each unit moving along the line is clamped 
by the pneumatically operated fixture as it enters the 
inspection station. The fixture holds the unit securely 
and connects it electrically to the control circuits. 
Next, five separate tests are performed on the unit 
within a space of 7 sec. 

The testing procedures are under the central con- 
trol of a motor-driven timer. This timer energizes 
relays in each of the five test circuits in proper se- 
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quence, allowing each test to proceed only if the 
previous test proved successful. When a fault is un- 
covered, the timer is stopped, an alarm is sounded and 
one of a group of pilot lights indicates the specific 
nature of the trouble. The objectives of five separate 
tests preformed by this particular inspection appa- 
ratus, which is designed and built by the Gemco 
Electric Company, are as follows: 


1—To reveal grounded conductors or windings. 

2—To determine if the motor leads are correctly 
connected to terminal posts. 

3—To uncover breaks in the motor circuits by as- 
certaining continuity. 

4—To observe whether or not the motor runs sat- 
isfactorily. 

5—To check dielectric strength of insulation by 
applying a high potential. 


To make the equipment as flexible as possible, spe- 
cial features are provided that permit the testing of 
various types of motors. The operator can choose from 
three supply voltages for the running test. By means 
of a selector switch, 230-volt, 60-cycle; 115-volt, 60- 
cycle; or 115-volt, 25-cycle a-c power can be delivered 
for a test. To accommodate capacitor-start motors, an 
auxiliary circuit consisting of two capacitors and a 
selector switch is included. If a capacitor is needed 
in the motor circuit, the operator sets the selector to 
the desired value of capacitance. Three different test 
fixtures are furnished to facilitate the making of con- 
nections to the various types of terminals used on 
refrigerator motors. The three fixtures are always in 
position ready for immediate activation. When the 
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yperator turns a selector switch to the type of fixture 
required, only that fixture takes part in the testing 
cycle while the other two fixtures remain inoperative. 

One of the outstanding features of the control de- 
sign is the provision of many different voltages for 
the various test and control circuits. In addition to 
the three sources mentioned above for use in con- 
nection with the run test, there are four control volt- 
ages required. These are 115-volt, 60-cycle a-c power 
for conventional relays; 115-volt d-c power for special- 
purpose relays in the measuring circuits; regulated 
12-volt direct current for circuits operating through 
meters and 1400-volt, 60-cycle a-c power for the high 
potential test circuits. 


Sequence of Operation. When it is desired to have 
the tester function automatically, the operator turns 
selector switch SS3 in line 1 of Fig. 2 to provide the 
proper supply voltage for the type of motors in pro- 
duction. After this, the cycle selector switch in line 
3 is set to the “Auto” position. Relays CRIO1 and 
CRIOIA will then be energized. A pair of normally 
open contacts of relay CR101 will close in line 5, plac- 
ing the sequence timer in the circuit. When in the 
automatic position the cycle selector switch also makes 
the start-cycle foot switch operative. The normally 
closed contacts of CR101 in the pushbutton circuits 
keep these devices out of action. If the motors being 
tested are of the capacitor-start type, the operator 
can connect one or two capacitors into the circuit as 
required, by means of selector switch SS1. 

With selector switch SS4 in the “Terminal” position 
(test fixture No. 1) contacts A2 and C2 are open and 
contacts Al and B2 are closed. When contacts A2 
are open, limit switch LS1, which is closed when the 
fixture is properly engaged, is placed in the circuit. 
Since contacts Al are closed, relay CRX and a sole- 
noid valve on the air fixture are energized at the 
start of the cycle. Three normally open CRX contacts 
close, connecting the correct testing fixture to the 
measuring circuits. A normally closed contact on relay 
CRX keeps the coil of CRZ from being energized, and 
contacts C2 are open keeping CRY out of the circuit. 

In the “Fusite” terminal position of selector switch 
SS4, (test fixture No. 2) contacts Al are open and 
contacts A2, B2 and C2 are closed. The AI contacts 
keep the coil of CRX and the solenoid air valve out of 
the circuit. In this selector switch position, relay CRY 
is energized when the cycle is started. A normally 
closed CRY contact prevents relay CRZ from being 
energized, and LSI is by-passed by the circuit that is 
completed by contacts A2. With the selector switch in 
the “Portable” pisition (test fixture No. 3) contacts 
A2 are closed, short-circuiting the limit switch LSI. 
Contacts C2 are closed, but B2 are open, preventing 
the coil of relay CRY from being energized. Contacts 
Al remain open, keeping relay CRX and the solenoid 
air valve out of the circuit. Relay CRZ is then ener- 
gized and CRZ contacts connect the Fusite fixture to 
the measuring circuits when the cycle is started. 

The switch for the 12-volt d-c regulated power 
supply must be in the “On” position, so that the coil 
of relay CR50 is excited. A pair of normally open 
CR50 contacts in the sequence timer circuit prevents 
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FIG. 1—Control circuits of motor testing apparatus 
are assembled in a floor-mounted cabinet. Pushbut- 
tons and pilot lamps are installed in a_ portable 
control station (lower right) which can be placed 
convenient to operator’s location along the conveyor 
carrying the motors. 


any further progress of the tests unless they are 
properly closed. When the “Start Cycle” foot switch 
seen in line 3 of the schematic wiring diagram is oper- 
ated, relay CR100 is energized. Normally closed con- 
tacts of CR100 in lines 9, 11, 13 and 16 open, resetting 
any red lights and their associated control relays which 
would have been actuated if a faulty motor had been 
detected in the previous test. Also, a set of normally 
open contacts in line 5 closes, energizing the sequence 
timer TRI. The normally open contacts TRI1-1 are 
used as holding contacts, keeping the timer motor and 
clutch energized until all the tests are completed. At 
the same instant the timer is energized, the proper 
terminal fixture relay, either CRX, CRY or CRZ, is 
energized. The terminal contacts involved close (right 
side of Fig. 2), placing the motor windings in the 
measuring circuits. The equipment is now arranged 
to accommodate the type of motor being installed 
and automatic testing can proceed. 


Ground Test. Timer contactsTR1-2 in line 8 are 
tripped at the time that contacts TRI-1 close, starting 
the ground test. Relays CR10, CRIOA and a green light 
are energized. The relays identified by the suffix 
letter A are employed in the low-voltage measuring 
circuits. The contacts are of the sealed type to prevent 
dust and dirt from collecting on the relay contacts, 
which would cause faulty operation because of the 
low potentials involved. In this test it is desired to 
detect any ground of 600,000 ohms or less. The three 
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FIG. 2—Schematic wiring diagram of testing cir- 
fs a cuits. By means of selector switch SS3, in line 1, 
ee DER I bt SS OD A kd operator can choose from three voltages for run tests. 


The three voltages selected are those most commonly 
specified for hermetic refrigerator motors. 
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FIG. 3 (Left)—Simplified diagram of a ground measuring Ea-< 
circuit. Dotted lines represent resistor that is, in effect, intro- ' 
duced in the line when a ground exists. FIG. 4—Bridge circuit ' 
employed for determining whether or not motor leads are cor- ' 


rectly connected to terminal posts. V,, is a zero-center meter 
that actuates a pair of contacts at both ends of the scale. 


CRIOA contacts connect the three motor terminals 
together. In Fig. 3 is shown a simplified diagram of 
the ground measurement circuit. 

If a ground of 600,000 chms or less exists at any 
point through the motor windings, it effectively places 
a resistor of that value in the position indicated by the 
broken lines of Fig. 3. The measuring instrument is 
a contact-making meter, adjusted to close a pair of 
contacts at the value of ground current caused by 
the 600,000 ohms. The meter will not operate at a 
ground of 800,000 ohms or higher, signifying a good 
test. The 1-megohm potentiometer protects the sensi- 
tive measuring meter from shorts to ground. 

If the meter contacts close, relay CRII in Fig. 2 is 
energized. A normally open CRI1 contact in line 9 
closes, energizing CR13 and a red light. Relay CR13 
remains self-energized through a set of holding con- 
tacts. The normally closed CR13 contacts cut out the 
sequence timer, stopping the tests. In addition, a pair 
of normally open CR13 contacts in line 4 energizes 
time delay relay TR2 and the alarm horn. Relay TR2 
is a pneumatic-type timer and after a time delay its 
normally closed contacts will open, silencing the horn. 
The red light will remain on, indicating the fault. 
until the start of the next cycle. If the ground test is 
satisfactory TR1-2 will open and TRI1-3 will close, 
automatically initiating the next step in the test cycle 
which is the correct connection test. 


Correct Connection. In Fig. 4 is illustrated the 
method of testing for correct connection of the motor 
winding leads to the proper terminal posts. It is a 
conventional bridge circuit with the resistance 
branches R,; and R» being the motor windings and 
R; and Ry, representing resistors on the control panel 
completing the bridge. The resistance of the voltmeter 
is very large compared with the values of R,, Ro, Rs 
and R,. The voltmeter reading can be derived simply. 
Since Ry was made equal to R,, it follows that: 

EB, =Ea-e 


D? 


~ 


Taking the voltage around the loop we find that: 


V,»=E.—-E, 
Also, E, _— x Ea-e 
1 2 
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Therefore, 





Va= Cae ly 


-. ] 
L 1+R.R, 


It is evident from equation | that if Ry is always 
larger than R,, V,, will measure a positive voltage. 
Also the extreme limits of V,, will be +%E,_.. In the 
single-phase motors tested, the start winding is always 
a higher resistance than the running winding. In Fig. 
5 all possible correct and incorrect connections for the 
single-phase motors are shown with a table listing a 
few examples of motor winding resistances and the 
corresponding voltage reading for each case. From 
this table, it can be seen that with a zero-center-read- 
ing, double-contact-making meter, with the lower 
limit set at —1 volt and the upper limit set at +6 
volts, any motor incorrectly connected would be de- 
tected. If a motor were incorrectly connected, relay 
CR21 in Fig. 2 would be energized, and a pair of 
normally open contacts in line 11 would energize 
relay CR23. Actuation of the CR23 would stop the 
test and sound an alarm, as did relay CR13 in the 
ground test described above. If the motor is correctly 
connected, the TR1-3 timer contacts time out. Then 
for the next sequence, the TR1-4 contacts in line 12 
close, starting the test for determining whether or not 
the motor windings are continuous. 


Continuity and High Potential. In Fig. 6 is illus- 
trated the method employed for this portion of the 
inspection cycle. A contact-making voltmeter is used, 
shunted by the motor windings through the contact 
of relav CRIA. If the windings were not continuous, 
the voltmeter V,, in Fig. 6 would read the voltage 
of Ey... R, is a current-limiting resistor and of very 
low value compared with the voltmeter resistance. By 
setting the meter contact for operation at Eqz_., relay 
CR41 which can be located in Fig. 2 would be ener- 
gized. Action of relay CR4I1 in turn energizes the coil 
of relay CR3 and the CR3 contacts stop the test and 
sound the alarm in the manner of relays CR13 and 
CR23 in the previous tests. If the windings are con- 
tinuous, the voltmeter is shunted by the low resistance 
of the motor windings and it reads some voltage lower 
than E,_.. The meter contact does not close in this 
case, indicating a good test. Timer contacts TR1-4 
then time out and TR1-5 contacts close, starting the 
next phase of the testing procedure, the run test. 
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VOLTMETER READINGS FOR 
THREE TYPICAL MOTORS 


Motor A | Motor.B | Motor C 





R w 
No.2 
N.G. 
R Ww 
No.3 
NG. 
~ w 
No.4 
NG. 
R 8 w 
= bs 
NG. 
R 8 w 


| ae | No. 6 
NG. 


FIG. 5.—All correct and incorrect connections 
that it is possible to make between motor leads 
and terminals are shown in series of sketches at 
left. The corresponding voltmeter readings that 
would result are given in accompanying table. 


Operation of timer contacts TRI-5 energizes the 
coil of relay CR40. When this occurs, a pair of CR40 
contacts at the upper right of Fig. 2 closes, applying 
power to the motor. The run period is very short and 
is used primarily to detect any tramp material inad- 
vertently left in the motor housing. After the run, con- 
tacts TR1-5 time out and contacts TR1-6 close begin- 
ning the high potential test. 

Contact TR1-6 energizes relay CR30 in line 15 of 
the schematic drawing. At the bottom of Fig. 2 is 
shown an auto-transformer, used to adjust the input 
voltage to the high potential transformer. The output 
is adjusted in this application to 1400 volts. One lead 
of the high voltage transformer is grounded, and the 


Motor windings 


FIG. 6—Circuit used in continuity test. When 


shunted by the low resistance of continuous mo- 
tor windings, the contact-making meter JV, indi- 
cates a small value of voltage. If there is a break 
in the windings, however, V,, registers almost 


the full value of E,-.. 
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other lead is connected during this test to the three 
motor terminals. Therefore, a voltage of 1400 volts 
exists from the windings to ground, and if the winding 
or terminal insulation to ground is faulty, it will 
cause current to flow in the secondary of the high 
voltage transformer. The current flow in the second- 
ary causes additional current flow through CR31, 
sensitive relay in the primary circuit of the high volt- 
age transformer. If the insulation is satisfactory, only 
the exciting current of the high voltage transformer 
passes through the relay, but the additional current 
caused by defective insulation to ground will operate 
CR31 immediately. A normally open CR3I1_ relay 
contact energizes CR33, which stops the tests and 
indicates the fault. 

If the high potential test uncovers no fault, contact 
TR1-6 will time out and open. Contact TRI-1 in line 
5 will open, de-energizing the sequence timer and 
completing the automatic cycle. 


Manual Operation. With the selector switch in 
line 3 of the drawing in the “Hand” position, relays 
CR101, CRIO1A and the start cycle foot switch are 
inoperative. The sequence timer cannot operate and 
the normally closed contacts of relay CRIOI1 allow 
the pushbuttons and selector switch used in the 
manual tests to operate. The purpose of the manual 
operation is to test each measuring circuit for proper 
operation. 

For the ground circuit a three-position selector 
switch labeled “High-Off—Low” is used. In the high 
position, an 800,000-ohm resistance to ground is 
placed in the measuring circuit. Relay CR41 is not 
energized and the green light remains on, indicating 
proper operation. With the selector switch in the low 
position a 600,000 ohm resistance to ground exists. 
The variable 1-megohm rheostat can then be adjusted 
to the value necessary for the meter contact to close 

approximately 600,000 ohms). When the 
makes contact, the panel indicates a reject. 

For the correct connection circuit, a pushbutton 
marked “Corect Connection” is pressed. Through a 
normally closed CRIO1A contact, 6-volt d-c potential 
is applied to the meter. The meter contacts close and 
the panel indicates a reject. 

To check the continuity test circuits, relays CRI 
and CRIA are energized, and since there are no wind- 
ings shunting the meter, it will indicate a fault. The 
“Test Hi Voltage” pushbutton energizes relay CR30 
which short circuits the high voltage transformer sec- 
ondary. Relay CR31 is then energized which indicates 
that this portion of the test is operating correctly by 
showing a reject on the panel. 

The above described panel can easily perform the 
listed production line inspection tests on approxi- 
mately 2800 motors in an $-hr period. Not only has 
the inspection time been reduced, but since the cause 
for rejection is clearly defined, the repair department's 
task is much simplified. Other tests or special features 
could easily be provided with the above control. 
Circuits and devices for detecting excessive vibration 
or noise of the unit are examples of optional equip- 
ment. A wattmeter to indicate power during the re 
test is another possible feature. 


meter 
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Vibrator Control 
Of ‘Tracer Drive 


Low contact pressures between stylus and template is achieved with 


new automatic tracer for flame-cutting machines. Sensing elements of 


tracer include vibrating electrical contacts operating through 


thyratrons to control steering motor speed and direction of rotation. 


S. H. Royer, Development Engineer 
LinpE Ark Propucts COMPANY 
A Division of Union Carbide and Carbon Corp 


WHEN MACHINE MOTIONS are to be guided mechan- 
ically by a template, there is a stiff mechanical link 
between tool and template, and all forces needed to 
change tool direction react also against the template. 
Such systems require heavy template structures and 
do not provide the feedback relationship between tool 
and stylus needed for highly accurate reproduction 
of contours. ‘ 

To eliminate such shortcomings in flame cutting 
machines, builders of the OXWELD Automatic Tracer 
substituted a closed-loop electronic servomechanism 
tor the mechanical link. The forces exerted by the new 
tracer against the template are minute because the 
tracer includes its own drive and steering motors. 
Whenever the tracer stylus encounters a change in 
contour as it moves around the template, an error 
signal is generated. This error signal is amplified in 
a thyratron circuit and used to energize the steering 
motor for corrective action. In Fig. 1, the automatic 
tracer, which is a product of Linde Air Products Com- 
pany, is shown in position on a flame cutting machine. 

The principal feature of the new tracer is that it 
permits the use of low-cost templates prepared trom 
thin sheets of vinyl plastic. These are inexpensive and 
easily fabricated by means of hand shears. Three main 
components are included in the basic tracer unit: 
the drive head, electronic control and lift linkage. 
The drive head, Fig. 2, does the actual template trac- 
ing. Contact is maintained with the template by a 
stylus which is propelled along the template edge. 
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Power trom the drive motor is transmitted to the 
drive wheel through a gear reduction unit. The wheel 
has a serrated edge for increased traction. While the 
drive wheel rotates in the wheel housing, the hous- 
ing itself is turned by the steering motor in response 
to stylus commands. The lift linkage is a mechanical 
device for raising and lowering the drive head. 

For positive action and long life, a link system and 
two sets of electrical contacts were chosen to act as 
a transducer or sensing element for converting changes 
in stvlus position into electrical signals. One element 





FIG. 1—Tracer drive unit is shown in position on 
flame-cutting machine. Torch and work are at left. 
Electronic control cabinet is mounted on leg of trac- 
ing table (foreground). Cutting machine moves 
along rails at edges of table. 
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of the transducer is a pivoted yoke supporting the 
stylus. A slight loading pressure is exerted on the 
stylus to hold it against the template. When the 
stylus encounters a change in contour, it shifts either 
to the right or left in relation to the drive head. The 
linkages change this shift in stylus position to an 
upward or downward movement of the contacts. 

One contact is mounted on the inside of each of 
two fingers attached to the yoke. As sketched at the 
upper left of Fig. 3, a vibrating reed, which pivots 
around a fixed point in space, operates between the 
two contacts. The reed carries a double contact in 
alignment with the two yoke contacts. When the yoke 
is exactly centered, the vibrating contact touches 
neither of the yoke contacts. But when the yoke shifts 
uP or down, the vibrating contact begins to meet one 

r the other of the yoke contacts. Which contact is 
ndioed and for what portion of the reed cycle are 
determined by the direction and amount of stylus 
movement. This vibrator assembly regulates the firing 
of the two thyratrons in the steering motor control. 
The control circuits for both steering and drive motors 
are given in Fig. 3. 


Drive Motor Control. Two pilot lights—one func- 
tioning under a time delay—indicate to the operator 
that the circuits are properly warmed up, ready for 
tracing. When the power line switch is closed, the 
lighting of lamp V5 shows that the filament trans- 
former is energized. At the same time, 6.3 volts from 
one of the windings of the filament transformer ap- 
pears across the heater of thermal switch V4. After 
45 sec. the heater switch contacts close, turning on 
pilot lamp V6 which is located on the tracer and 
which illuminates the tracing table. The equipment 
is now in standby condition. 

The drive motor is started by pushing the switch 
$2, mounted on the tracer unit, to its on position. 
Now, transformer T3, which supplies power to the 





FIG. 2—Small size of tracer drive unit is evident in 
this picture. Template is cut from thin sheet of vinyl 
plastics material and stapled onto fibreboard backer. 
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rectifiers for the drive-motor field, and the armature 
supply transformer T2 are energized. Both drive and 
steering motors are operated at substantially constant 
field, with speed adjustment of the drive motor being 
made by armature voltage control. Once this speed 
is set at a desired value, it is held constant by means 
of a voltage regulator circuit containing thyratron 
V3 and a source of reference voltage. The automatic 
speed control feature is based on the fact that if 
field excitation, load and armature voltage of a d-c 
shunt wound motor are held constant, the speed will 
remain constant also. Since load and field supply do 
not vary appreciably, the drive motor speed can be 
held by automatic regulation of armature voltage. 

The armature voltage is compared with the d-c 
reference voltage and any difference applied to the 
thyratron grid. Should armature voltage tend to drop, 
the grid is driven more positive, increasing the firing 
angle of the thyratron. The greater conduction through 
this tube restores the armature voltage to the neces- 
sary value. On the other hand, should the armature 
voltage tend to rise, the grid voltage becomes more 
negative reducing conduction and, hence, the voltage 
available across the motor armature. 

The reference source is the rectified secondary volt- 
age of transtormer T4 appearing across capacitor C10. 
The actual magnitude of the reference voltage for 
any given motor speed is that between points 4 and 
40. Only that portion of armature voltage between 
5 and the slider on potentiometer R13 opposes the 
reference voltage. The difference or active grid volt- 
age is across capacitor C9. Between C9 and the grid. 
a phase-shift bridge is inserted to shift the a-c com- 
ponent of the pulsating d-c control voltage about 90 
deg in relation to the plate voltage of V3. The effect 
of signal ripple on the firing point of V3 is thus mini- 
mized. The phase shift circuit, in effect, smoothes the 
grid control voltage. 

Armature voltage, if used directly on the grid cir- 
cuit, would not provide smooth control of tube con- 
duction because of commutation noise. The function 
of R9 and C9 is to filter the active control voltages. 
Additional] filtering is afforded by capacitors C7 and 
C13 in the grid circuit. These filters, together with the 
phase-shift circuit, assure accurate response of V3 to 
changes in armature voltage. 

The linear-wound potentiometer R19 makes it pos- 
sible to select the reference voltage necessary to pro- 
duce a desired speed. Since the drive-motor armature 
must develop the necessary speed to offset this voltage 
and its characteristic is also linear, the scale of R19 
may be graduated to read directly in inches per min- 
ute. The range of R19 is established by means of the 
two additional potentiometers R13 and R17. The high 
speed adjustment, about 24 ipm, is made by adjusting 
R13 to pick-off the portion of armature voltage needed 
to maintain this speed. The minimum drive wheel 
speed of 4 ipm is set by R17, which selects the proper 
magnitude of reference voltage. Once these limits are 
adjusted, potentiometer R19 can be used to select any 
speed between 4 and 24 ipm. 


Steering Motor Control. Automatic steering is ac- 
complished by means of thyratrons VJ and V2 and 
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FIG. 3—Schematic wiring diagram of tracer control. 
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Cireuits for drive motor control are at left. Speed 


and direction of rotation of steering motor are regulated by means of circuits at right. 


the associated circuits. At the start of operation, the 
contacts of the steering control lock-in relay are KI 
in the positions shown in Fig. 3. Contacts a and c 
are open. Contacts c must be closed to energize the 
steering circuit. Contacts b connect the coil of K1 to 
the 115-volt supply line through the half-wave rec- 
tifier D3; the two thyratrons, which are arranged in 
inverse parallel; and the motor armature. The polarity 
of D3 is chosen to block current through V2 but not 
through V1. 

When the stylus is tree, the upper reed contacts at 
the yoke are closed and the lower contacts open. No 
conduction occurs because thyratron V2 is blocked 
and VI is prevented from firing by about —40 volts 
on capacitor C3. This voltage is obtained from the 
filament transformer through the half-wave rectifier 
DI. Under these conditions, the tracer may be oper- 
ated indefinitely by manual steering or use of the 
circle attachment without automatic control. 

Steering becomes automatic as soon as the stylus 
touches a template and is pushed back sufficiently. 
When this happens, the contact fingers (as shown at 
the upper left portion of Fig. 3) are lifted in relation 
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to the vibrating reed until lower contacts close. At 
this instant, line voltage is connected across resisto1 
R1 in series with the armature of the steering motor. 
The impedance of the stationary armature is so small 
that tor practical effect line voltage is across R1. This, 
added to the holding voltage on C3, results in a posi- 
tive firing voltage and V1 conducts into the relay coil 
K1. closing contacts a and c and opening b. The con- 
tacts at a make before those at b open so the relay 
coil is locked across the power line and will remain so 
until power is interrupted to line 14 by opening switch 
$2 or by operation of the safety shut-off circuit, de- 
scribed later. As contacts c close, thyratrons V1 and 
V2 are energized for response to stylus position and 
the automatic steering circuits take control. 

Assume the tracer to be moving along a template 
with its stylus in normal position against the template 
edge. In this position, the stylus will maintain the 
contact fingers centered about the vibrating reed so 
that no contact, or very light contact, occurs between 
fingers and reed as the reed vibrates. Changes in 
direction of the template are translated by the stylus 
linkage into vertical movements of the contact fingers. 
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These movements are converted into steering torque 
by the operation of the synchronized reed and _ its 
associated electronic relay. 


Reed Synchronization. The vibrating reed is driven 
to coincide in its amplitude with the conductive half 
waves of thyratrons V1 and V2. The reed swings from 
its highest point in amplitude, marked t, to its lowest, 
marked s, during the conductive half wave on VI. 
Therefore, if very light contact were to take place 
near the lower extremity s, tube V1 will fire at a cor- 
responding instant which would be late in its conduc- 
tive half cycle, and only small current would pass 
through the tube. Suppose the stylus now is actuated 
by a change in direction of the template, raising the 
contact fingers. Contact will not take place during 
all or the greater part of the reed travel from t¢ to 
s and conduction occurs during all or the greater part 
of the half wave on V1. The resulting armature cur- 
rent produces a steering movement away from the 
template to correct the error and bring the stylus 
position back to normal. 

The response of thyratron V2 is the complement of 
that of VI. The conductive half wave on V2 corre- 
sponds in timing with the reed travel from s to t. If 
the template recedes away from the stylus, the me- 
chanical effect is a lowering of the contact fingers. 
Contact at top of voke will then occur for the greater 
part of the up-swing of the reed and the correspond- 
ing near-full conduction through V2 will cause steer- 
ing torque toward the template to reinstate the normal 
condition. 

To maintain accurate fidelity in V1 and V2 for pro- 
portioning power to the error, the grid circuit design 
must recognize the diverting potentials present in this 
simple inverse-parallel arrangement. Taking VI as 
typical of both, the following description applies to 
the component parts. The grid circuit consists of the 
two resistors, RI and R3 and the two capacitors Cl 
and C3. C3 is an 0.1 mf capacitor having a maintained 
potential of about 40 volts. being charged from an 
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FIG. 4 — Geometric relationship 
between torch and stylus is given in 
sketch, above. Stylus is located di- 
rectly below steering column which 
pivots on trunnion bearings. 
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isolated 30-volt winding on T1 through dry plate rec- 
tifier D1. This strong holding voltage keeps V1 non- 
conducting except when plate potential is applied at 
I by the reed contacts. When this occurs, an abrupt 
firing voltage is introduced from 9 to 29 as explained 
above. As soon as the reed contacts separate, however, 
the strong d-c potential on C3 returns the grid to its 
negative condition, preventing over-firing. R3 is the 
usual grid resistor of 200,000 ohms. This limits grid 
current during conduction and prevents dissipating 
the charge on C3. Cl is the usual grid capacitor of 
0.0005 mf. It reduces the ratio of grid-cathode to 
grid-anode voltages in case of transients that might 
be disturbing to grid stability. 

The resistor RI is the device for introducing the 
abrupt firing voltage at the instant determined by the 
reed-stylus mechanism. Resistor R5 and capacitor C5 
are for by-passing transient potentials such as might 
be present if extra long cables were used. The result- 
ing inductive effect on throwing switch $2 might in 
certain circumstances produce a disturbing transient 
in the control circuits of thyratron V1, causing flutter 
in relay KI. With the circuit shown, cables up to 25 
ft may be used and the limit of length may be con- 
siderably higher. 


Anti-Spin Features. An anti-spin circuit is provided 
to prevent random operation of the torch carriage 
should the stylus lose contact with the template while 
tracing. This circuit operates when this unfavorable 
condition arises, and then immediately cuts off power 
from both the drive and steering motors and energizes 
the drive armature for dynamic braking. The control 
contacts for the anti-spin circuit are operated by the 
stylus linkages. 

Relay K2 is connected in series with a pair of anti- 
spin control contacts and in parallel with the coil of 
relay K1. Relay K2 operates two sets of contacts. One 
pair, between lines 14 and 6, cuts out both armatures. 
The second set, in line 5, applies dynamic braking to 
the drive motor. To follow the operational sequence, 


FIG. 5—Drawings show the movement of the drive 
head to correct a change in template contour. In 4, 
stylus has swung forward on trunnions creating error 
e. In B, primary error has been eliminated while 
still exists, providing damping. 


secondary error e» 
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assume the tracer is started in the usual way with the 
stylus free and relay KI open. The anti-spin contacts 
are closed because the actuator mechanism connected 
to the stylus is in its rest position. No current can pass 
through the relay coils KI and K2 because the grid 
control on V1 holds it non-conductive and current that 
would be passed by V2 is blocked by rectifier D3. As 
the template is approached and the stylus depressed, 
the anti-spin contacts are first opened by the lifting 
of the actuator, then relay K1 is energized by firing of 
V1 as the lower contact, 3 meets contact 1 on the 
reed. K2 cannot operate because its control contacts 
are now open. 

During the normal tracing, the actuator is main- 
tained in a high enough position to prevent closure 





FIG. 6—On abrupt left turns, it 
may be necessary to provide some 
compensation in template shape to 
insure high accuracy of reproduc- 
tion. Cut-out portion c allows clear- 
ance for leading edge of stylus. 


ot the anti-spin contacts. Should loss of template 
occur, the stylus will swing to its free position allowing 
the actuator to drop to its rest position closing the 
contacts and energizing relay K2, producing an imme- 
diate stop. This condition is maintained until the 
operating switch is opened, when both relays reset. 

It is apparent that this arrangement requires K1 
to be closed before safety shut-off can occur. Ac- 
cordingly manual tracing or circle cutting can be 
done without any changeover adjustments. When 
automatic tracing is initiated, the safety-shut off is 
also set for operation and its effect is quick and inde- 
pendent of mechanical conditions peculiar to the 
cutting machine. Spark suppressors are connected 
across the armature of both the drive and steering 
motors. The suppressors consist of resistors and capac- 
itors, identified as R6 and C6 for the steering motor 
and R8 and C8 for the drive motor. 

Fig. 4 shows the schematic relationship between 
driving and sensing parts of the tracer coupled to a 
carriage. The positions are normal for following a 
template X in the direction of the arrow. Drive wheel 
I is shown having a caster or offset of a and for sim- 
plification, its center of rotation S is drawn as cor- 
responding with the center of steering motor shaft 2. 
In mechanical effect, this is accurate because the steer- 
ing shaft carrying the stylus is connected by a 1:1 
transmission with the drive spindle. Trunnion bear- 
ings 3 support stylus 5 so it may swing on line i-j in 
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response to pressure from the template. Center S cor- 
responds also with the locus of the cut or the torch 
nozzle shown at 4. 

If the template is now moved to position X., the 
tollowing response occurs. First, the stylus swings for- 
ward under its pressure to remain in contact with the 
template. The contact fingers move downward bring- 
ing the upper contact closer to the reed and firing 
the clockwise thyratron earlier in its conductive half- 
cycle. This produces a rotation of the steering motor 
armature as shown in Fig. 5(A) to change the direc- 
tion of travel toward the template. The stylus, in 
swinging forward on its bearings displaces its center 
from the null position by distance e. The entire head 
with its supporting member, carrying also the torch, 
casters on radius a (Fig. 4). This rotation continues 
until center 6 is brought into alignment with the cen- 
ter of shaft 2 or to coincide with S. Distance e repre- 
sents the primary error between the locus of the cut 
and the template. A secondary error @. occurs as a 
consequence of the varying radius of the stylus which 
becomes effective as the stylus rotates in like direction 
and amount with the drive head on radius a. 

Fig. 5 (B), shows further progress in the correction. 
Continued approach to the template has brought cen- 
ter S into alignment with center 6, the rotative correc- 
tion has been arrested and primary error e has been 
eliminated. The drive wheel continues to move the 
system in the direction of the arrow, depressing the 
stylus and causing gradual return to the condition of 
Fig. 4 and the elimination of secondary error e. The 
error @ is due to the stylus shape and is damping in 
its effect because rotation of the stylus produces a 
premature decrease in the operating corrective torque 
to prevent overtravel. The stylus is so shaped that t-v 
increases with the size of correction required and, 
therefore, with the acceleration developed. 

It should be observed that in the normal tracing 
position of the stylus, as shown in Figs. 4 and 6, its 
center 6 coincides with the locus of the cut, or line 
being described by the propelled machine part. This 
feature is important in that it distinguishes the sys- 
tem from those in which the sensing element is ad- 
vanced to some position ahead of center. In the latter 
case, the template must be compensated for the 
amount of this lead, making the template more dif- 
ficult to construct. Compensation for size may be 
required because torch points produce different kerf 
widths. This is accomplished by moving the stylus 
along the line j-j of Fig. 4. This illustrates diagramat- 
ically what occurs when the dial for kerf compensation 
is rotated. The damping effect of the secondary 
error forestalls overtravel. The small secondary error 
is corrected gradually by reduced application of power 
near the null position. This results in a traced contour 
having high fidelity to the template. The template may 
be made to actual scale for all usual commercial cut- 
ting. This is true because the stylus position is not 
substantially offset with reference to the cutting posi- 
tion. Where unusual accuracy may be required, a 
slight compensation may be made in the template on 
abrupt turns toward the left, Fig. 6. The cut-out por- 
tion C is the clearance for the leading part of the 
stvlus represented by the line t-v. oOoO0 
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Miniature 





Ball Bearings 


For Precision Instruments 


Load-speed relationships, frictional torque factors, 


shaft and housing fits, internals clearances, methods of 


mounting and lubrication are discussed for the 12 common types 


of instrument bearings ranging in size up to *g in. OD. 


William L. Timmerman, Vice President 
MINIATURE PRECISION BEARINGS, INC. 


MINIATURIZATION is a common Objective in the de- 
velopment of most precision instruments. Similarly, 
miniature ball bearings are familiar and frequently 
used components to most instrument engineers. They 
have been called upon to fulfill strict performance 
requirements while taking up little space and adding 
practically no weight. 

The design approach in applying miniature ball 
bearings is similar to that for larger ball bearings. 
Mounting methods and degree of wear (in properly 
engineered applications) are the same for both, but 
miniature ball bearings are able to operate at a pro- 
portionately higher speed and with lighter lubricants 
than are usually used. 

The three fundamental operating requirements on 
which the specification of miniature ball bearings are 
based are: 

1. Low torque—friction (starting and running), in- 

ertia (acceleration and deceleration ) 

2. Minimum space and weight 

3. Long life (millions of revolutions) as related to 

load capacity, speed, wear, shock and vibration. 

Frictional torque is very low in both miniature and 
larger ball bearings of instrument quality. However, 
because it has less mass and a smaller moment arm 
about its axis, a miniature bearing has less inertia 
than a larger bearing. The frictional torque in both 
sleeve, small roller and needle bearings is substantially 
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Table I—Major Application 
Groups of Miniature Bearings 


Application requirements Typical equipment 








1. High speed (15,000 rpm 
and higher), light loads 


Le] 


ning torque, moderate 


loads 


w 


Low frictional starting 
torque in oscillation 


. Medium speed, low run- | 


Blowers, gyro rotors, mini- 
ature motors 


Shafts in gear trains, timing 
motors, miniature pulleys 


(also in low speeds) 


Potentiometers, servo units, 
low- torque gear trains, pre- 


cision balancing mechan- 
isms 


. Roller low friction, low 
speeds, loads may reach 
design maximum 


Guide rollers (longitudinal or 
axial shaft motion), cam 
followers 


>. Lever systems low friction, 
for low radial and axial 
play for accurate motion 
translation 


Air actuators, precision re- 
cording instruments 





higher than in miniature ball bearings of equivalent 
size. 

Although space and weight are both reduced with 
miniature ball bearings, space is usually the more 
critical factor, except for certain aircraft instruments 
in which even the smallest weight reduction is wel- 
comed. However, the use of a miniature bearing— 
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with smaller width, bore and OD—permits the de- 
signer to reduce the size and the weight of many 
associated components such as shafts, housings and 
gears. 

Operating life (in millions of revolutions) is de- 
termined by the type and magnitude of load and 
speed, and the degree of shock and vibration. The 
load capacity of miniature ball bearings for a given 
operating life and speed is smaller than that of larger 
ball bearings and greater than that of jewel and air 
bearings. However, the loads imposed on _ bearings 
in modern instruments have decreased with miniaturi- 
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Table I1—Common Types and Size Range of Miniature Ball Bearings 


Range of dimensions 
Type of bearing OD, in. Bore, in. Major operating characteristics 

A Radial 1/10—5/16 1/4—3/32 Higher radial loads, moderate speeds, moderate 
thrust loads. 

Super-light radial 1/4—3/8 1/8—1/4 spe st as radial—for larger shafts with small OD 
of bearing. 

Cc Radial retainer 5/32—5/16 3/64—3/16 Higher speeds, moderate radial and thrust loads, 

low starting torque, minimum : 

D Spring separator 5/16 3/32—3/16 Very low starting to , oscillating motion, 

lower speeds (up to 5000 rpm). 

E Flanged radial 5/32—5/16 3/64—3/16 Convenience in mounting eliminates need for seat 
in housing or special retaining devices. Aids 
squareness in mounting. Saves axial space in 
gear trains. 

F Flanged radial retainer | 5/32—5/16 3/64—3/16 | Combines advantages of flanged design with 

radial retainer bearing. 

G Separable 3/16—5/16 0.0550—1/8 Well adapted to very high speeds, combined 
; 1—Inner race radial and thrust loads. Mounted in opposi- 
2—Outer race tion, bearings permit axial adjustment of in- 

ternal bearing clearances. 

H Angular contact 1/8—3/8 0.042—0.150* Receives combined loads on conical 60 deg pivot 

point, self-contained. 

I Pivot 0.0590—0 3937 0 .020—O.100* Designed for high loads, severe shock. Used with 
| 60 deg pivot points, permit 4 deg shaft mis- 
alignment. 

J Thrust | 1/8—7/16 0.0400—1/8 Heavy thrust loads, medium speed, minimum 

space. 

K Shielded 1/4—3/8 5/64—1/4 Protects bearing against foreign matter, retains 
| lubricant, no increase in width. 

L | Shielded retainer 5/32—3/8 3/64—1/4 Same as shielded bearing plus advantages of radial 
| 


* Minimum shaft diameter with 60-deg cone. 









retainer, minimum width. 





zation so that load capacity is not often the primary 
reason for selecting a particular type of bearing. On 
the other hand, since higher speeds often accompany 
reduced size (such as in gyros and miniature blowers ), 
the higher speed capacity of miniature ball bearings 
as compared to jewels, small roller and needle bear- 
ings is frequently an important factor in specification. 

In precision instruments, bearing wear becomes a 
vital factor long before actual failure occurs. Increas- 
ing radial and axial play caused by progressive wear 
cannot be tolerated in many mechanisms. Miniature 
ball bearings are selected for gyro rotors, for example, 
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where there must be a minimum displacement of the 
rotor during operation. 

Miniature and larger ball bearings will normally 
fulfill the shock and vibration specification of instru- 
ments to which they are applied. The consequences 
of extreme shock and vibration are rapid and complete 
failure rather than a comparatively slow deterioration 
in initial performance characteristics. There are many 
applications where miniature ball bearings are se- 
lected rather than jewel bearings for resistance to 
shock and heavy vibration. 

Although there are many hundreds of different ap- 
plications of miniature ball bearings, most can be 
divided into the five major application groups in 
Table I. Note that low frictional torque is a specific 
application requirement in four of the five groups. 
In the first group where torque is not mentioned, the 
high speed limit of miniature ball bearings is the 
primary reason for specification. The radial load on 
miniature ball bearings operating at high speeds is 
usually low because of the restrictions on the mass 
of other rotating components. 


Types of Miniature Ball Bearings. The 12 most 
common types of miniature ball bearings are given 
in Table II. The minimum values of OD and bore 
given for each type represent the smallest dimensions 
commercially available for a standard product. “Major 
operating characteristics’ cover the primary reasons 
for using each particular type. 

The radial bearing is the basic miniature type. 
Radial bearings are deep-groove, full-race and are 
designed for heavy-duty application. There is a full 
complement of balls in the races, ranging from seven 
0.65-mm balls in the smallest radial bearing to ten 
14 ,-in. balls in the largest radial bearing in Table II. 
The standard race curvature has been selected to 
give the best combination of low frictional torque 
and high load capacity. 

Super-light radial bearings are useful when space 
between shaft and housing is limited. For example. 
a standard radial bearing with a ™%, in. OD has a 
bore of 345 in. One of the super-light radial bearings 
with the same OD has a bore of 745 in. The smaller 
bearing cross-section is obtained because the ball 
diameter is only 1% in., as compared with ,, in. 
diam in the standard radial bearing. 

The radial retainer and spring separator bearings 
differ from the ordinary radial ball bearing in that 
there are fewer balls or rolling elements in a bearing 
of given dimensions. Fewer balls mean lower load 
capacity and lower frictional torque. Miniature bear- 
ing retainers are usually the stamped metal L-type. 
Frictional torque can be reduced by coining the ball 
pockets. Spring separator bearings are designed for 
lower speeds than the radial retainer types and are 
particularly useful for oscillating motion where low 
starting torque and a damping effect are essential. 

Table III gives the bore, OD and width dimensions 
and the number and size of balls for the eight bear- 
ings sizes in the radial retainer group. 

Both the flanged radial and flanged radial retainer 
bearings differ from the standard radial bearing only 
in the shape of the outer bearing ring. Flanges were 
at one time a special variation but have become so 
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broadly used that flanged miniature bearings are now 
standard. Positioning of bearings in housings, for 
example, can often be simplified by using this type of 
bearing. 

The separable type is of angular-contact single-row 
design, available with either outer ring or inner ring 
separable. The ball retainers may be brass, stainless 
steel or one of several appropriate non-metallic ma- 
terials. Laminated plastic retainers in separable bear 
ings have been found particularly suitable for high 
speeds. 

The pivot angle in the angular-contact pivot bear- 
ing may be reduced from 60 deg as the proportion 
of radial to thrust loading is increased. However, the 
bearing manufacturer should be consulted when high 
radial loads require such a change. The miniature 
pivot bearing is able to support relatively high loads 
and shock principally because the spherical race is 
machined from solid stock. Pivot bearings are nor- 
mally used in opposed pairs with a screw adjustment 
or other means for take-up at one end. 

Most miniature thrust bearings are designed with 
a deep groove to provide an optimum combination 
of load and speed capacity. The deep groove mini- 
mizes the effect of centrifugal force of the balls at 
higher speeds. 


Materials. Miniature ball bearings are generally 
available in three materials. SAE 52100 chrome- 
bearing steel is normally used because of its high 
tensile strength, maximum hardenability and superior 
wear resistance. Type 440C stainless steel is specified 
where corrosion resistance is required and beryllium 
copper where non-magnetic properties are important. 
Under some conditions beryllium copper also provides 
a maximum degree of corrosion resistance. 


Load, Speed And Operating Life. The radial load 
rating of a miniature ball bearing for a given running 
life and speed is given by, 


P=C/¥/Ln l 


where P is the load in lb, Ly is life expectancy in 
millions of revolutions (60 x 10-° x rpm x desired 
average life in hours) and C is the bearing constant 


Table 11]—Dimensions and C Factor for 
Radial Retainer-Type Bearings 


Bear- — | 
ing | Bore, OD, Width, Balls 
no. | in. in. in. No. in. 


\ 0.0469 15625 0.0625 s 32 
B | 0.0550 1875 0.0781 5—3/64 
= 0.0781 2500 0. 0938 5—1/16 


6—1/16 


ao | , 
D | 0.09375 | 0.3125 0.1094 


E 0.1250 | 2500 0938 || 7—1l mm 


F 0.1250 | 3125 1094 


6—1/16 
0. 15625 .3i25 1094 7—3 /64 
0.1875 3125 | 1094 1—3,'64 
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FIG. 1—Load-speed characteris- 
tices for the eight bearing sizes 
in the radial retainer group. 


-Rodial load, Ib 











determined by the physical construction and dimen- 
sions of the bearing. Table III gives C factors for the 
eight bearings in the radial retainer group. Note that 
for a constant life expectancy and a C value varying 
from 24 to 97, a radial load ratio of about 4:1 is 

provided in this group. 
The elements affecting the magnitude of the C are 

evident in the formula, 
C=f.(t cosa)®-7Z?/3 D,!-8 2) 


where f, is a coefficient*® dependent on osculation and 
the bearing material, i is number of rows of active 
elements (one for most miniature ball bearings), « is 
contact angle (0 deg for pure radial loads), Z is 
number of rolling elements, and D, is ball circle 
diameter. It is usually unnecessary for the designer 
to use either formula (1) or (2) because most bear- 
ing manufacturers provide curves for radial load as 
a function of speed for the various bearing types. 
For example, the curves in Fig. 1 represent the load- 
speed characteristics of bearings in the radial retainer 
group for an average life of 2500 hr. 

As an example of load calculation, let us determine 
the load rating P of bearing F in Table III at 10,000 
rpm and a desired average life L,, of 300 hr. Then 
Ly = (60 * 10-*) (10,000) (300) = 180, and radial 
load P in formula (1) = 97 (180)’* = 17.2 Jb. 
Conversely, it is possible to find minimum life ex- 
pectancy (millions of revolutions) for a given bear- 
ing, speed and radial load. 

The data in Table III and Fig. 1 are for SAE 52100 
bearing steel. The load ratings (or C factors) in 
these and in all load calculations need only be reduced 
by 15 per cent for stainless steel or by 75 per cent for 
beryllium copper. The static non-brinell rating of 
miniature ball bearings may be roughly calculated as 
four times the load rating at 1000 rpm for normal 
operating conditions. 

The load rating for operation with the outer ring 

*AFBMA Standards, Section No. 9, 


page 4. 
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rotating is 30 per cent less than that in the more 
common rotation of the inner ring alone. Thus, the C 
factors in Table III and the load ratings in Fig. 1 
correspond to a rotating inner ring and can be ad- 
justed to the proper values for outer-ring rotation by 
multiplying by 0.70. 

Contact angle is defined ‘as the angle between the 
contact line of the balls and the radial direction. A 
pure radial load is perpendicular to the bearing axis 
and therefore the contact angle is zero. However, as 
a thrust load parallel to the bearing axis is imposed 
on the bearing the contact angle increases as the 
balls assume a position more to the sides of the bear- 
ing races. 

The method given in AFBMA Standards, Section 
9, is used to determine the speed and life for various 
combined radial and thrust loads. Because of the 
large safety factor included in the values of the C 
factor, however, an acceptable rule-of-thumb allows 
thrust loads (added to radial loads) up to half of 
the actual radial load without any adjustment of the 
load rating. When thrust loads approach the same 
order of magnitude as radial load, it is recommended 
that the bearing manufacturer be consulted before 
proceeding with design. It may even be found that 
the thrust loading is sufficiently large to require the 
use of a thrust bearing. 


Torque. The magnitude of frictional torque is an 
important, and in some cases the most important 
factor in specifying miniature ball bearings. Inertia 
can be critical, particularly in intermittant operation 
where the rotating member is accelerating or de- 
celerating much of the time. However, frictional 
torque in either starting or running is most often 
the important factor, as evidenced in “Types of Ap- 
plication” in Table I. Starting torque is simply defined 
as the initial moment necessary to create movement. 
Running torque is the moment required to keep the 
bearing rotating at a constant speed. 

The very small magnitude of torque in miniature 
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Table IV—Tolerances Applicable to Miniature Inch Size Annular Ball Bearings 


Bore Ob 
Class Ring B D 
ABEC 5 Inner 0—2 
ABEC 5 Outer Q—2? 
A BEC 7 Inner a 
ABEC 7 Outer o—? 


Tolerances in 0.0001 in. 


Radial Parallelism Side | Groove parallel-| Width 
runout of sides runout ism with side W 
2 2 3 > O0—50 
2 = > 3 0—50 
| l l | 0—50 
: | 14 2 Q—50 





ball bearings has created the necessity for precise 
measuring instruments. A number of torque-testing 
devices have been specifically developed to answer 
this need and are generally available. These instru- 
ments are based on different methods of 
operating, such as air, magnetic, torsion wire and 
electrical. No one torque-testing device has been 
adopted as standard for testing ball bearings, although 
the Instrument Precision Ball Bearing Committee of 
the American Ordnance Association has agreed upon 
certain definitions and specifications for torque test- 
ing. In order to insure proper correlation of test re- 
sults with the bearing manufacturer, the engineer 
should specify the precise conditions of test, includ- 
ing type of testing machine, method of loading the 
bearing during tests, and testing speed. 

The chart record in Fig. 2 is a section of an actual 
torque test on radial retainer bearing F in Table III. 
In about two-thirds of a revolution of the bearing’s 
inner ring (four vertical divisions in Fig. 2), the total 
running torque is seen to be about 0.10 gram-cm. 
The testing information which must be known to 
qualify properly this chart record is: 


several 


a. Torque tester is closed-loop servo system type 
b. 75 gm thrust load 

c. 2 rpm counterclock-wise 

d. Dry (no lubrication ) 


e. Room temperature 


The magnitude of the portion of torque attributable 
to friction is affected by: 


Raceway finish and dimensional accuracy 
Ball finish and dimensional accuracy 
Internal geometry of the bearing 
Material 


Retainer or separator material and design 

Lubrication 

Cleanliness 

Operating temperature (as it affects internal clear- 
ances ) 

Type and magnitude of load 


Most of the above factors are concerned with the 
design and manufacture of ball bearings and are 
therefore controllable by the manufacturer. An ex- 
ample of such control is the very smooth finish given 
to races and balls in order to reduce friction due to 
surface roughness. On the other hand, some factors 
are inherent in the particular bearing design selected. 
The last four listed are associated with operating 
conditions and are among the variables which the 
engineer must consider in designing the bearing ap- 
plication. Light loading of the bearing, a small quan- 
tity of light lubricant and high standards of cleanli- 
ness do much to produce minimum frictional torque. 


Tolerances and Fits. The trend toward extreme 
precision in modern instrument design is requiring 
increased use of ABEC 5 or 7 tolerances in the manu- 
facture of miniature ball bearings. AFBMA standards 
tor ABEC tolerances in 0.0001 in. units are given 
in Table IV. Tolerances on bore, OD and ring width 
are important in designing related instrument com- 
ponents. Radial runout, parallelism of sides and other 
characteristics are important 
performance. 

The most appropriate fits between the inner ring 
and shaft and between the outer ring and housing 
depend upon the type of application. The designer 
must set the tolerances on the housing bore and shaft 
diameter in relation to bearing tolerances and in view 
of application requirements. 


to optimum bearing 





Table V—Recommended Tolerances for Shaft Diameter and Housing Bore 


i 
Type of fit Clearance 


Shaft diameter 


-0. 0002 
| 
Resulting fit* 
Extreme 0.0001 to +0.0003 
Average +0.0001 


Housing Bore 


Resulting fit* 
Extreme 


Average L() 0002 








* Where corresponding bearing tolerance is -+0.0000, 0.0002 in. 





(B — 0.0001) +0.0000 


rg. 00 +0.0002 
—0,0001 


+0 .0004 to 0.0000 


Interference 


Brg. bore +0.0000 
0.0002 


0 0002 to +0.0002 
Line-to-line 


(OD —0.0002) +0.0002 
—()_ 0000 


-() OOO0O2 to 0 0002 
Line-to-line 
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Recommended clearance and interference fits on 
shafts are given in Table V. Clearance fits on shafts 
are most appropriate for light load and low speed 
applications, and where provision must be made for 
relative axial movement between shaft and inner ring. 
The latter provision is necessary under some com- 
binations of extreme temperature ranges, dissimilar 
housing and shaft materials and large center-to-center 
distances between bearings. Clearance fits between 
the shaft and the bearing inner ring help to prevent 
what might otherwise be an undesirable thrust load- 
ing on the bearing. Interference fits at the shaft are 
recommended for heavy loads with inner ring rota- 
tion, for comparatively rapid oscillating motion, or 
for very high speeds. 

Table V also gives recommended tolerances on 
housing bores to produce the resulting clearance or 
interference fits. Clearance fits on the housing bore 
are normally used for applications where the shaft 
rotates. The clearance fits usually provide a sufficiently 
tight housing, while at the same time facilitating 
production assembly. Interference fits in the housing 
are used when the housing rotates. The bearing is 
prevented from moving in the housing, and thus 
creeping wear of a softer housing material by the 
hardened bearing ring is obviated. 

When the relative dimensions of the shaft and bore 
or housing and OD are extremely critical, bearing man- 
ufacturers are able to supply selected bearings with- 
in the standard ABEC tolerance limits. The bearings 
are separated into these four groups: 


Bore OD 
High High 
High Low 
Low High 
Low Low 


By preselecting housings and 


groups, the user can control fits. 


shafts into similat 


tIG. 3—Radial clear- 
ance and_ one-half 
axial play illustrated 


in radial bearing. 


Radial Clearance and Axial Play. Radial clearance, 
Fig. 3, is the total radial distance through which the 
outer ring of a bearing can be moved when the inner 
ring is held fast. Axial play is the total axial distance 
on both sides of center through which the outer ring 
can be moved relative to the inner ring. The relation- 
ship between radial clearance and axial play depends 
on ball:diameters and race curvature. Since standard 
bearings are designed with a fixed ratio of ball di- 
ameter to race curvature, curves for axial play as a 
function of radial clearance can be given for each 
of the ball diameters used in miniature bearings. 

Miniature bearings are usually provided with radial 
clearances from 0.0002 to 0.0008 in., but may be made 
with either negative or much larger radial clearances. 
Some radial clearance is usually desirable in order 
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FIG. 2—Chart record of an actual torque test on 
radial retainer bearing F (Table III and Fig. 1). 


to obtain low frictional torque. The standard minimum 
radial clearance of 0.0002 in. represents a practical 
compromise between low torque and low radial mo- 
tion such as one might encounter in the output shaft 
of a precision miniature spur gear train designed for 
both low torque and low backlash. Preloaded (nega- 
tive clearance) bearings are used in those applications 
requiring extreme rigidity in either or both the radial 
and axial directions. Such conditions are encountered 
where rotational vibration is present and where either 
on both radial and axial movement between shaft and 
housing cause unacceptable instrument errors. 
Factors Affecting Radial Clearance 

The designer's principal clearance problem is the 
change of radial clearance from static to operating 
conditions. Shaft and housing interference fits, dif- 
ferences in the thermal expansion of bearing com- 
ponents and housings, and the required amount of 
axial play all affect the magnitude of radial clearance. 
The reduction in radial clearance may be assumed 
as 80 per cent of the nominal interference at either 
housing or shaft. Therefore, to insure a positive radial 
clearance the designer must provide for the loss of 
clearance caused by interference fits. 

Under conditions of exceptional thermal expansion 
and contraction, relative axial movement between the 
shaft and bearing inner ring can be provided for by 
using clearance fits on the shaft. However, it is some- 
times possible to specify sufficient radial clearance 
to permit the required axial play. Knowledge of both 
the relation between radial clearance and axial play 
and the magnitude of the interference fit is usually 
sufficient for the designer to determine the approxi- 
mate total radial clearance necessary. However, un- 
less comparatively large interference or thermal mo- 
tion along the axis is anticipated, the internal clear- 
ances provided in normal manufacture are sufficient 
and such calculations need not be made. 

When specified, many bearing manufacturers code 
shipments of bearings as to radial clearance. For ex- 
ample, our company uses the following radial clear- 
ance code: 
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FIG. 4—Two methods for removing radial and axial play due to radial clearances: (left) lock nut and 





washer and (right) spring loading. FIG. 5 


A shaft supported between two radial bearings—one of the 


three most common mounting arrangements. Also shaft supported between two pivot bearings (lower). 

FIG. 6—Radial bearing secured by spinning housing (left) and by a snap ring on shaft (right). 
Symbol Clearance Symbol Clearance a miniature radial bearing so as to remove axial and 
0.0001 in. 0.0001 in. radial play. The load characteristics of the spring 
Kl 0-2 K5 4-7 can be selected and the position of the adjusting screw 
K2 1-3 K6 5-9 set so that the thrust loading is just sufficient to pro- 
K3 9-4 K7 4-192 duce zero play. Although it costs more and requires 
K4 3-5 more space than the lock-nut-and-washer arrange- 


Two methods for removing radial and axial play 
due to radial clearances are shown in Fig. 4. A lock 
nut and washer against the inner ring of the miniature 
bearing on one end of a shaft (a) can be adjusted 
to take-up play. However, the adjustment must be 
carefully made in order to avoid an excessive increase 
in frictional torque due to high negative clearances. 
At right a compression spring loads the outer ring of 


ment, the spring-loading method provides finer load 
adjustment through a wider range. However, the 
added cost of either take-up method is not justified 
unless zero radial and axial play are critical operating 
requirements. 

Methods of Mounting. Although there are many 


methods of mounting miniature bearings to solve 
particular application problems, the three most com- 


Table VI—Partial List of Lubricants Used with Miniature Ball Bearings 


Oils I 
Aircraft instrument oil MIL -L-6085 
Low volatility, —65 F to +130 F 


MIL-L-7870 
ORD.- 14-0-20 
No. I 
No. U 


Low temperature, general purpose 
instrument oil, —75 F +250 F 

. 5. spec. 
. 5. spec. 
Lubricating and preserving oil 


MIL-L-6084 
Special instrument oil mixture (low- 
volatility instrument oil with compass 


fluid) 





Greases 
General-purpose aircraft lub. 
grease, —40 F to +250 fF 


MIL-L-7711 


Compound soft-film corrosion preventive 


AN-C. 124A(3) 
High and low temp aircraft and MIL-G-3278 
instrument grease, —65 F to + 250 F 


High and low temp, fluid type 
grease, —100 F to +300 F 


No U.S. spec. 
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.S. Gov't spec. 


MIL-L-6085A /MIL-C-5020 


Commercial sources and designation 


Anderson Oil Co., Winsor Lube L245X 
Lehigh Chemical Co., L-401 


Eclipse Pioneer Div., Bendix Aviation Corp., P-10 
Esso, Aviation Instrument Oil 

Lehigh Chemical Co., L-281 

Shell Oil Co., 365 

Battenfield Grease & Oil Co., 818 


Esso, Univis P-48 


Eclipse Pioneer Div., Bendix Aviation Corp., P-11 


Esso, Aviation gen’l purpose grease 1 


Esso, Rust Ban 343 


Esso, Beacon 325 
Shell Oil Co., Aero Shell 11 
Indiana Plastics Co. 


Dow Corning Corp., DC 33 
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Eight special miniature bearings useful in a wide variety of applications: 


(a) grooved radial, (b) inner race integral with shaft, (c) flanged pivot, (d) 
shielded angular contact, (e) inner and outer rings of different widths, (f) magneto 
type with threaded OD, (g) flat (grooveless) outer race, and (h) flat inner race. 


mon mounting arrangements are as follows: 
a. Shaft supported between two radial bearings 
(Fig. 5, top) 
b. Shaft supported between two pivot bearings 
(Fig. 5, below) 
c. Shaft supported between flanged radial bearings. 
An interference fit is frequently used to secure a 
bearing in a housing or on a shaft. A “push” fit 
usually represents slight interference and a “slide” fit 
represents slight clearance. Ring staking, rolling (or 
spinning ), a snap ring or lock nut are also used. In 
Fig. 6, a radial bearing is secured in a housing by 
spinning (left) and on a shaft by a snap ring (right). 


Special Bearings. Although it is most satisfactory 
in terms of both design simplicity and minimum cost 
to specify standard miniature ball bearings wherever 
possible, the development of special bearings is some- 
times necessary. The eight bearings in Fig. 7 are con- 
sidered special miniature designs but have each been 
found useful in a variety of applications. The grooved 
radial bearing (a) is used as a miniature pulley. In 
(b), the inner race of the bearing is formed integrally 
with the shaft in order to permit a larger shaft di- 
ameter in the same space. The flanged pivot bearing 
(c) and angular-contact bearing with shield (d) are 
both variations on standard pivot-type miniature bear- 
ings. The radial bearing in Fig. 7 (e) has inner and 
outer rings of different widths, while the magneto- 
type bearing in (f) has a threaded OD for adjust- 
ment in its housing. Miniature ball bearings with a 
flat outer race (g) or a flat inner race (h)—an inner 
ring is probably unnecessary in this case—are applied 
where the axial movement of the shaft is large. 


Lubrication. The type of lubrication for packaging 
at the manufacturer’s plant and for use in operation 
should be specified by the user. Because there are 
many types of lubricants for various application con- 
ditions and as required in particular government spe- 
cifications, it is helpful to the bearing manufacturer 
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for the user also to indicate sources of the specified 
lubricant. If no lubricant is specified, for example, 
our company normally lubricates and packs bearings 
in an excess of aviation instrument oil, meeting U. S. 
Government Specification MIL-7870. The selection of 
the best lubricant for particular applications should 
be based on such factors as load, speed, torque, 
atmospheric conditions, life and operating tempera- 
ture. Table VI gives a partial list of various lubricants 
used with miniature ball bearings. Extensive research 
is now being carried out by the ball-bearing industry 
to test new synthetic lubricants for very high and 
very low temperature applications. (See box below ) 

The quantity of lubrication is an important factor 
in the performance of miniature bearings. Overlubri- 
cation seems to occur less frequently with miniature 
bearings than with large bearings. The very smallness 
of miniature bearings evidently cautions technicians 
against overlubrication. Underlubrication is rare with 
miniature bearings. In most applications a small quan- 
tity of lubricant will suffice for long periods of service. 
In special applications miniature ball bearings made 
of either stainless steel or beryllium copper are being 
used successfully with no lubrication whatsoever. The 
most important factor is that the lubricant be clean 
when applied. Thus, lubricants are usually dispensed 
with a hypodermic syringe because it is readily 
cleaned, chemically inert and can deliver calibrated 
amounts. Special lubricating problems have required 
the application of such techniques as oil mist, drip 
and slushing lubricators, reservoirs, wicking and ca- 
pillary attraction. Ooo 


Extreme Temperature Lubricants 


For A DISCUSSION of military specifications for ball 
bearing lubricants and what is being done to meet 
them see “Ball Bearing Greases for Motors at Ex- 
treme Temperatures” in December 1953, page 90; 
new light is thrown on the theory of lubrication. 
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TODAY’S DESIGN 


ee 


Cen eeenee 


Washer 


For Compact Living 


First sent abroad for export production, this small 


compact clothes washer, now redesigned for improved 


appearance and lower cost production, finds an important 


market here in small homes and apartments. 


W. C. Bell, Chief Engineer 
Hoover LIMITED 


J. H. Beach, Stati Enginee: 


THE Hoover Company 


ABOUT SIX YEARS AGO a new method of washing clothes 
was developed based on the idea of forcing wash 
water through clothes, without contact between 
clothes and agitator.* The idea was embodied in a 
small-size washer with a pulsator countersunk in the 
back wall of a rectangular-section tub. By a critical 
construction, obtained by cutting off the first lower 
corner and rounding the second (see diagram on fol- 
lowing page), a submerged pulsator with relatively 
small vanes was found to give the water a high rate 
of movement in a combination of axial and circum- 
terential flow. Pulsator speed was rather critical— 
about 550 rpm—but power requirements were rela- 
tively low and the washing action was quite fast. 
For a small washer taking a load of about 4 Ib, good 
cleaning was obtained in no more than 4 min. 

The washer was mechanically simple, and thus in- 
expensive, and also quite compact. Motor load was 
substantially constant regardless of clothes load, and 
starting load was low. 

The difficulty faced was lack of a market large 
enough to justify high production tooling cost. No 
small-size washer had ever sold in quantity and deal- 
ers were cool to the idea. However, it appeared that 
there might be a large market for it in other parts of 
the world, particularly in England. So, Hoover Ltd., 
our British subsidiary, decided to build and market 
the washer. 


* Patent No. 2478188, issued Aug. 9, 1949 to G. M. Gibson 
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A good domestic market existed in England par- 
ticularly for a low-cost washer, because apartments 
and home units were generally smaller than in the 
United States. The export market also looked better 
from England where trade and exchange restrictions 
were more favorable than in this country. These con- 
siderations therefore brought a decision to design a 


ELECTRICAL MANUFACTURING 


Senne NR RATER TOROS 


New Hoover washer for 


small living quarters washes 
a 4 to 6 bb lead in four min, 


using a new method which 
forces wash water through 
clothes at a rapid rate. 


With the wringer folded 
away inside the tub the 
washer is 30% in. high; 
floor space occupied is 16% 
-by 17% in. When not in 
use the washer can be 
covered and used as a table, 
or stowed under a table. 


For use the lid is lifted off, 
the wringer swung up and 
the lid inserted to become a 
tray. Plastics name plate is 
a handle to aid in rolling 
the washer on its casters. 


model to meet the requirements of the British domes- 
tic and export market. 

The British plant then proceeded to develop a 
model, designated Mark 1, which was not extensively 
styled but low in cost, and did do a good fast washing 
job with a maximum load of about 4 lb. It used a 
%e-hp shaded-pole motor with a V-belt drive to the 
pulsator; the hand wringer was designed to fold away 
inside the top of the tub; it had no pump. 

The machine got on the market about six vears 
ago, and became a tremendous success; nearly 1'2 
million have been sold to a world-wide market. With 
increased production, pressure developed for a model 
designed for easier assembly, a little larger capacity 
and better in appearance. Requirements set up for 
the new design called for a capacity of 4 to 6 lb, with 
a pump to empty the tub, and a professional appear- 
ance design job. Also, the redesign was to eliminate 
the use of certain critical materials. 

The redesign was completed, better manufacturing 
facilities provided and the new model placed in pro- 
duction in England early in 1953. Market response 
was immediate, both at home and abroad. As an 
experiment, arrangements were made for a trial ship- 


FEBRUARY 1954 





ment to a tew selected outlets in New York City. Re- 
sponse here was also greater than anticipated. In fact, 
the unexpected interest led to a market study which 
brought us for the first time a real appreciation of 
the size of the small-apartment field in the United 
States. 

In dwelling units of three rooms or less, space is 
usually too limited for a full-size washer, and few 
dwelling units of this size have any kind of laundry 
facilities. Using the 1950 U. S. Dwelling Census made 
by the Department of Commerce, the number of 1-, 
2- and 3-room dwellings was tabulated for about 20 
larger cities, with results as shown in the table. Aver- 
age proportion of dwellings of three rooms and under 
for the cities surveyed was 28 per cent, ranging from 
a high of 37.5 per cent for New York City to 15.8 
per cent for Cleveland. In actual number of dwelling 
units, New York City has more than Chicago and Los 
Angeles combined. Five cities each have more than 
100,000 such prospects. 

Population alone is not an accurate indication of 
market potential. Cleveland with 440,000 total dwell- 
ing units has only 70,600 small units; Cincinnati with 
only 285,000 total units has 106,000 small units. In 


115 








4ajtuit 


a Bd 
é ak . a3 





bia: 
stE= 3 
prs 

iin 
fidil 





—— 














5 oe 


a 


als 


% 


ii 


4 


he 


7777777777 1 ddieeaaateaahaad 


Wringer is tilted back 





t left to more 
see the degree 


of water agitation. 


in view a 


clearly 











a ammdetnsasseamnieaniiienniidantetamaeae 


other words, Cincinnati with only 65 per cent of the 
population of Cleveland has 50 per cent more small 
washer prospects. The large proportion of small-space 
units was unexpected, and pointed to a much larger 
market for small-scale appliances than originally 
anticipated. 

The next step in the market study was to interview 
users of washers bought from the trial shipment sold 
in New York. This survey showed ynusually high in- 
terest and satisfaction with the washer, particularly 
with its rapid washing action and the way in which 
it handled small bundles and delicate materials. Its 
good appearance was frequently cited, particularly 
since in many small apartments the washer could not 
be stored out of sight. 

So now the circle was completed. The washer de- 
sign produced abroad in 1947 because of lack of 
market here is now being imported in large quantities 
by The Hoover Company until facilities can be estab- 
lished in the U. S. Because of the contribution of 
American stylists in the recent redesign, the model is 
well adapted to American tastes and its price is at 
an attractive level. 


Major Design Problems Faced 


In developing this new design, the principal prob- 
lems were: 


1. Corrosion resistant material for the tub without 
use of a nickel-bearing alloy. 

2. Larger motor with emphasis on freedom from 
service and low cost. 

3. Inexpensive pump capable of emptying tub in 
2 min. 

4. Pump drive requiring no added controls and 
free from service failure. 

5. Lower cost body construction embodying new 
appearance design. 

6. Washer designed for low-cost assembly. 


The emphasis on freedom from service failure was 
more impelling than for products we build for our 
domestic market. The design had to meet the special 
needs arising from world-wide export. In many coun- 
tries there are few service organizations prepared to 
make such repairs as replacing motors or pumps. 

Line voltage variations may be large, and the drive 
must be designed to start and run under line voltages 
much lower than established by our standards here. 
Line frequencies range from 60 to 23 cycles, and 
simple provisions are needed for changing drive ratio 
and V-belt center distance on shipments going into 
lower frequency areas. Requirements for electrical 
safety in some areas require a basic design in which 
the motor itself is insulated from the machine. 

Meeting the corrosion problem with materials free 
from nickel was one of the major problems faced. 
The original design used 18-8 stainless for the tub 
which gave the desired resistance to the wide variety 
of caustic cleaning agents encountered in service 
around the world. 

The answer finally developed was the use of alumi- 
num with a surface sealing treatment employing an 
anodizing process. Since the surface friction of the 
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DWELLINGS OF THREE ROOMS OR LESS 





Per Cent of 

New Orleans 

Denver 

Atiants 

Cleveland 

Kansas City 

Cincinnati 

Pittsburgh 

Philadelphia 


Chicago 


Los Angeles 
New York 


1 2 3 4 
Number of 1-2-3 Room Dwellings x 100,000 


tub is critical the anodizing process was selected with 
this additional limitation in mind. 

Tub is made of three parts—front, back and sides— 
joined by shielded arc welding. Material for the tub 
is specified 3 SO aluminum, 0.064 in. thick. The ano- 
dizing operation is performed in special automatic 
equipment providing the close control essential for 
uniformity in appearance and corrosion resistance. 

One of the special problems faced in developing 
this anodizing equipment was to avoid any air trap 
under the inverted tub. This was accomplished by 
designing the work-holding fixture to invert the tank 
after it was submerged. 


Larger Shaded-Pole Motor. To provide the neces- 
sary degree of agitation with the increased water 
volume, the new design required a larger motor. Tests 
indicated a %-hp rating, but no shaded-pole motor 
of this size was being produced. Split-phase motors 
were available but the demand for maximum freedom 
from service failure made it desirable to avoid starting 
switches and starting windings if possible. 

Starting conditions were particularly favorable for 
a shaded-pole motor. The starting load was light and 
constant; inertia was low, and there was little chance 
of any loading up during the starting operation. Ac- 
cordingly, a development program was undertaken 
for a shaded-pole motor similar to the one previously 
used but with a %-hp rating. 

As shown in the accompanying section view, the 
rotor is die cast around the laminations on the shaft 
.and then machined. Stator laminations are assembled 
and riveted, and the four field coils wound at one 
time on special equipment. At normal load and line 
voltage, speed is 1550 rpm; starting is good even under 
reduced line voltage. 

Motor frame and cooling fan are die-cast aluminum. 
Rubber mountings to isolate motor vibration were de- 
signed to electrically insulate the motor, in line with 
special requirements for some export fields. Bearings 
are conventional oil-impregnated sintered bronze with 
a felt wick reservoir of sufficient capacity to provide 
life-time lubrication for normal service conditions. 


Pump Is Friction Driven. Major requirement placed 
on the pump was that it have sufficient capacity to 
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empty the tank in 2 min or less. A simple design, 
shown here, was devised that is continuously driven 
by a die cast pulley on the motor engaging a rubber- 
tired plastics pulley on the pump. Pump load on the 
motor, whether the pump is delivering or not, is rela- 
tively low and constant. In the interest of simplicity 
and freedom from service requirements, it was de- 
cided to leave the pump engaged at all times, and 
thus eliminate the mechanical parts required for con- 
necting the pump when needed. Delivery is stopped 
by the simple operation of blocking the delivery hose. 

The rubber tire serves as electrical insulation as well 
as providing a friction driving surface. The pump 
body, impeller and driving pulley are molded phe- 
nolic giving desired corrosion resistance with low cost; 
the shaft housing, however, is die-cast aluminum, 
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anodized for corrosion resistance. The impeller is 
molded with the shaft as an insert and requires no 
machining other than flash removal. Bearings are oil- 
impregnated powdered bronze with the driving pulley 
designed to place the driving force between the two 
widely spaced bearings. A small cartridge seal keeps 
water out of the bearing. 


Pulsator Drive. A V-belt drive from the motor 
pulley rotates the plastics pulsator which is mounted 
in a recess in the back wall of the tank. As shown in 
the section view, the bearing mounting is designed— 
as in the pump—to place the belt tension load between 
a wide-spaced pair of sintered bronze bearings. Pulley 
is die cast and is set-screwed to a shaft which is 
molded in as an insert for the pulsator. A shaft seal 





By using rubber springs with 
a large deflection, wringer rolls 
require no pressure adjustment. 





Attachment cord is stowed be- 


hind a hinged lid in the rear 
panel; wringer stows within 
tub compartment when not in 
use; sliding cover in tub serves 
as a splash guard during wash- 
ing and when pump is empty- 
ing tub; flanged aluminum 
tray becomes the cover for the 
washer when not in use. 


ELECTRICAL MANUFACTURING 





All bearings are oil-impregnated sintered bronze; on pump 

and pulsator, bearings are used in widely spaced pairs placed 

| 6 ronze to straddle the external load. Pump cover and impeller are 

eee plastics; pump shaft housing is anodized aluminum. Drive 

pulley for V-belt is readily changed to keep pulsator speed 
at 550 rpm on other line frequencies. 





‘Stainless 
washer 


Motor frame, fan and pulleys 
are die-cast aluminum. Pump 
is friction driven by a rubber- 
tired plastics pulley. 











Mechanical simplicity and free- 
dom from service called for a 
shaded-pole motor; the design 
shown here was developed 
specially for this application. 
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keeps water from entering the bearing; an oil reser- 
voir is provided by the space between the bearings. 

Dished recess for the pulsator provides a rigid sup- 
port in the tank wall for the bushing that supports the 
bearing. Amount of overhang for the load produced 
by belt tension is kept to a minimum. 


Wrap-Around Body. Assembly operations were 
simplified, costs reduced and appearance improved by 
the adoption of a wrap-around body for the main 
enclosure. In producing the body, top and bottom 


edges are first flanged—with corners notched out—and 
then formed into a square on a tangent bender. The 
back is left open but tied in with cross braces form- 
ing the top rail, support for storage door and bottom 
rail. 

Base consisting of two identical halves is spot 
welded in place, and motor drive mounted in place. 
Then the tub and sump are added, and the tub 
mounted. Tub is held to the body by rivets near the 
top edge, and the joint covered by a formed plastics 
gasket cemented in place. OO 


Appearance Design Objectives 


Robert Hose, Partner 
Henry Dreyruss, New York 


THE PRIMARY OBJECTIVE Of the redesign of the Hoover 
washing machine was to create an improved product 
for sale throughout the British Empire and in Amer- 
ica as well. The appearance and character of the 
machine were to be equally acceptable and convenient 
for use by housewives in the British Empire, on the 
continent, and in the United States. 

The market had already been established in these 
countries by the earlier model washer (see photo) 
made by Hoover Ltd., at Perivale, England. In 1950 
alone, approximately 300,000 machines were manu- 
factured; approximately 30 per cent were sold in 
England, 20 per cent in Belgium and 15 per cent in 
Australia—the bulk of sales going to the British 
Empire. 

Although we had worked closely with the Hoover 
Company in this country, we were not familiar in 
detail with the facilities and operation of Hoover's 
British subsidiary. Consequently, our first step in the 
program was to visit Perivale to discuss design ob- 
jectives, factory limitations and time schedules with 
their research and development groups. With a first- 
hand understanding of their problems as a result of 
this visit we were able to establish the following de- 
sign objectives: 


1. Appearance of the machine was to be based 
upon American market taste, but conservative and 
dignified in character so as to be acceptable for sales 
around the world. 

2. Materials restricted in supply (stainless steel and 
thermoplastic moldings) were to be avoided; wider 
use to be made of sheet and die-cast aluminum. 

3. New design was to be in production the follow- 
ing year, if possible. 


Fortunately, production facilities in England were 
very similar to those in North Canton, where we had 
been engaged for over 15 years in connection with 
vacuum cleaner developments. Die casting, metal 
forming, plastic molding, deep drawing, welding and 
forging facilities were available; however, plastic ex- 
trusion work was obtainable only on subcontract. 

Of interest in connection with facilities is the fact 
that at the time of our first visit with Hoover Limited, 
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a new plant of 50,000 sq ft was under construction 
at Merthyr Tydfil, Wales, exclusively for production 
of the new washing machine. 

Specific changes defined at the inception of our 
work included such items as the use of a wrap-around 
steel shell; the use of aluminum for the wringer cast- 
ing, inner tub and exterior top cover; the redesign of 
the wringer catch to simplify the operation of storing 
the wringer in the tub or withdrawing it for operation, 
and redesign of the wringer handle to facilitate 
manual operation. 

In order to accomplish the desired appearance ob- 
jective, we developed the over-all form to be simple, 
straightforward and in character with the general 
appearance of other domestic appliances on the Amer- 
ican market. Superficial ornamentation was eliminated 
but careful attention was paid to the form and color 
of all functional details exposed to the eye. In order 
to make it more convenient for use, a phenolic molded 
handle was inserted into the side of the machine to 
facilitate its being pushed or pulled on the casters. 
This was particularly important because in Empire 
homes the machine is frequently stored under kitchen 
counters when not in use. To provide more convenient 
storage for the line cord, a special hinged compart- 
ment was developed on the back of the machine and 
equipped with metal brackets on which the power 
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First model (below) embodied the 
folding wringer and the operating 
features responsible for fast wash- 
ing, but design was dictated largely 
by desire to keep tooling costs low 
since market acceptance was still 
to be proved. 


Almost immediate acceptance of 
the product—in England = and 
abroad—led to the necessity for a 
redesign (right) to reduce costs 
and improve appearance. 


Wringer handle (left) was rede- 
signed to fold so as to provide a 
convenient handle for raising and 
lowering the wringer; latch to lock 
the wringer in operating position 


was changed to avoid possibility of 
pinching the fingers. 





cord could be wound. Later, after the over-all ma- 
chine had been developed, specific attention was 
given to the detail of the plug used on the end of the 
power cord to facilitate inserting and removal from a 
wall plate. The ease of handling a power cord plug 
was of considerable importance to European house- 
wives where different voltage and plug requirements 
complicate this operation more so than in America. 

A wringer release was developed that was easier to 
use and also avoided pinching hazards. The wringer 
could be stored with wet, slippery hands without dan- 
ger of dropping the wringer and losing control of 
the machine. The wringer handle itself was redesigned 
so that it rested in its pivoted position on top of the 
wringer, and provided a lever to aid in lowering or 
raising it out of the tub. A supplementary, stamped 
aluminum splash board was added to the machine to 
minimize splashing during the washing cycle. It was 
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formed and corregated in such a manner that it could 
also be used as a convenient small-size scrubbing 
board. 

The incorporation of a “kick plate” area at the base 
of the machine provided the appearance of better 
proportion, introduced a contrasting value to enhance 
the over-all character of the machine and created a 
dark value on those areas next to the floor which are 
so frequently subject to marking. 

A plastic extrusion was designed for the gasket 
between the top cover and the top of the shell, and 
to protect exposed metal edges. Aluminum die cast- 
ings were used for the wringer itself and associated 
latch mechanisms. Maroon phenolic plastic parts were 
used for the wringer handle and nameplate handle 
used on the side of the machine. 

All of the basic design objectives were met in such 
a manner that the recent expanded production facil- 
ities were able to produce the machine easily and 
economically within the limitations of existing tech- 
niques. 

The industrial design development of the product 
was carried out in New York while engineering was 
contributed from Hoover Limited in England. A fin- 
ished prototype appearance model was developed and 
on its way to London in only nine weeks after we 


were introduced to the problem. Ooo 
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Simplifying Fabrication of 


Printed Circuits 


An improved stencil-etch process utilizing nitric acid 


as the etchant cuts printed-circuit production time drastically. 


Fabrication techniques are described here in detail. 


E. R. Gamson, A. Henesian and R. W. Remington 
STANFORD RESEARCH INSTITUTE 


UNDER THE sponsorsHiP of the U.S. Air Force Air Re- 
search and Development Command’s Wright Air De- 
velopment Center, Stanford Research Institute has 
been working on the development and application of 
automatic assembly techniques suitable for the pro- 
duction of electronic equipment. (1) *This article 
presents some of the basic concepts necessary to any 
system of simplified automatic production of elec- 
tronic equipment. Specifically, it describes an im- 
proved system for the simplified fabrication of planar 
conductors (two dimensional wiring) based on a 
realistic evejuation of the various available methods. 

Several of the more popular planar conductor fabri- 
cation techniques involving metal removal methods 
are shown in Fig. 1. From these it was possible to 
form an impression of the essentials that were lacking 
to make these methods compatible in any mechanized 
production activity. These limitations were: 

1. Lack of flexibility for a large range of produc- 

tion volume. 

2. Limited choice of base materials. 

3. Intricacy of method. 

4. Uneconomical use of materials. 





*Italic numerals in parentheses apply to cited references at end of article. 


The stencil-etch process was selected as a starting 
point tor further improvement. In this method the 
wiring pattern is formed by applying a chemically 
resistant compound through a stencil onto a metal foil 
which is bonded to an insulating base material. The 
unprotected portions of the foil are then chemically 
removed, leaving the conductor pattern on the in- 
sulator base. The types of base materials which are 
compatible with the stencil-etch process permit a large 
variety of applications for the circuits so produced. 
By proper selection from copper-clad plastics lami- 
nates now commercially available (see table) a manu- 
facturer may produce a circuit capable of operating 
efficiently under many varied electrical or environ- 
mental conditions. 

Since the stencil-etch method was not considered 
completely adequate for use in a production line, 
further work was directed toward improving and sim- 
plifying the process. The modified stencil-etch process 
as shown in Fig. 2 is the result of this effort. With this 
method a base plate complete with conductors and 
ready for component insertion requires only 3 to 4 
min total processing time, whereas some of the meth- 
ods now used require as much as 30 to 40 min. 


Resist. The modified stencil-etch process makes use 
of a wax and rosin mixture to protect those portions of 


Commercially Available Copper-Clad Laminates Suitable for Conductor-Board Fabrication 


Dielectric 
constant, 
Laminates 
Teflon-glass cloth 
Melamine formaldehyde, glass-cloth 
Silicone laminates 


Phenol-formaldehyde, paper base 


Phenol-formaldehyde, nylon base 


Loss Dielectric 
factor, 


10° cps vpm 


0.0008 ‘ 180 


0.0015 


0.03 =500 


0.014 


Moisture 
absorption, 
per cent 


Resistance to 
heat (contin- 
ous), deg F 


strength, 


450 
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the copper-clad laminate that form the conductor 
pattern. With this type of an etchant resist, several] 
conventional operations are eliminated. Heretofore, 
thermoplastic enamels were used as the resist. The 
use of these materials requires the removal of the 
enamel and a fluxing operation prior to soldering. 
With the wax and rosin mixture, however, removal 
occurs during dip-soldering, at which point the resist 
also acts as an efficient noncorrosive flux. Thus it may 
be seen that this simple modification was responsible 
for a substantial reduction of processing time. Resist 
qualities need to achieve this modification are: 


|. Solidification in a minimum time. 


2. Abilitv to withstand the violence of the etching 
reaction. 
3. Sufficient strength after hardening to withstand 


normal handling. 


4. Ability to act as an efficient noncorrosive solder 
flux. 


These qualities were achieved by the use of micro- 
crystalline waxes mixed with activated rosin. When 
sprayed through a stencil at approximately 140 C, the 
mixture was found to solidify almost instantly upon 
striking the cold copper surface. This stencil was 
fabricated from sheet steel stock using well-known 
photoengraving techniques (see Fig. 3). The choice 
of a steel stencil permitted the use of a magnetic 
chuck, thus insuring intimate contact between the 
base plate and mask. 

This method of holding the stencil was found to be 
quite suitable for a continuous flow-type production 
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STENCIL PROCESS 


OFF-SET PRINTING PROCESS 


exces 











METAL REMOVAL METHOD 
i tching to | Rinse and dry | [ 








remove unprotected +> to remove residual! } 
| 


pper | etchant troces 








an ee a ee ee eee ae ee ee een 


FIG. 1—Metal-removal methods 
for fabrication of conductor pat- 
terns. (See table for data on 
suitable copper-clad laminates.) 


system. The definition obtained is comparable to that 
obtained with many of the other methods of prepar- 
ing a conductor pattern. The excess wax-rosin mixture 
which hardens on the steel stencil may be simply and 
economically removed by running the mask through 
a vapor-degreasing tank containing a suitable solvent. 
Periodically, the accumulated sludge in the degreaser 
tank may be processed, thus recovering the mixture 
if production quantities permit this to be accomplished 
economically. 


Etchant. Many important limitations arise from the 
currently used ferric chloride etchant. Historically, 
this material was found to be necessary in the process- 
ing of halftones for photoengraving. However, since 
the production of a conductor pattern does not re- 
quire the same texture as some photoengravings, the 
use of other etchants could be considered. Nitric acid 
was selected as the etchant in the process. The chemi- 
cal process involved was investigated and operating 
conditions for a steady-state process in which an 
etching bath is maintained at constant level and at 
constant concentrations have been determined. The 
rate of etch obtained with nitric acid proved to be 
about six times faster than the rate obtained with 
ferric chloride, as shown in Fig. 4. 

Another important limitation associated with the 
use of ferric chloride in a mass production process is 
the enormous waste of etching byproducts. This 
limitation is overcome by the use of the nitric acid 
etchant. Regeneration of the unused etchant and re- 
covery of the copper as copper nitrate can be per- 
formed in a continuous manner. (See Fig. 5). 
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ETCHANT RESIST APPLICATOR 


Spray 
worer _ 
rinse 


Air agitated 
etchant bath 





Equipment of special design is used to position a stencil of the circuit on the base plate. A 
magnet holds the stencil firmly against the metal foil. The equipment then sprays on the 
etchant resist, releases the stencil, removes the base plate and returns the stencil through a 
cleaning and drying operation to the reloading position. 


FS 
We 


-3\" 


oe 


FIG. 3—Steel stencil of conductor pattern. 


Residual Products. Inherent in any stencil process 
that requires a chemical action are the effects of 
residual products retained by any portion of the 
planar conductor panel after the etching step. This 
problem was attacked by determining the presence 
of residual products qualitatively and formulating a 
chemical solution which will effectively remove such 
products. The degree of retention becomes unim- 
portant as long as a satisfactory rinse solution will 
remove all residual products. 

The problem of the retention of copper nitrate or, 
more specifically, nitrate ions cannot be dissociated 
from the moisture absorption characteristics of plastics 
laminates. If ignored, this retention will result in one 
or more of the following: 


1. Eventual deterioration of copper. 
2. Surface leakage between conductors. 
3. Marked change in dielectric properties of the 
base plate. 
The results of laboratory investigations indicated 
that a caustic rinse solution containing specific surface 
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active agents when used at elevated temperatures 
removed all traces of the retained nitric acid etchant. 


Conclusion. These simplifications in planar con- 
ductor fabrication provide an immediate solution to 
ever-increasing demands for high-speed production of 
low cost electronic units. The use of processing equip- 
ment which has been time-proven in other industries 
is part of the overall realistic approach of this pro- 
gram. Since the process is fully automatic, it readily 
adapts itself for standard quality-control procedures, 
thus insuring uniformity in product quality. OOO 
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Printed Circuits—An Annotated Bibliography 


The following articles have appeared in ELectricaL MaANu- 

FACTURING in a continuing editorial program reporting and 

evaluating developments in automatic production of electrical 

circuits. 

Elements of Radio Circuits Printed on Ceramic Plates, April 
1946, page 138. Report of initial development of printed 
circuit components for proximity fuses; conductors formed 
of silver paste applied by silk screen on steatite plates and 
fired; resistors are carbon suspensions sprayed or painted. 

Standardized Stamped Wiring for Low-Power Circuits, July 
1947, page 98. Grids of strap copper on two sides of insu- 
lating sheet connected by eyelets as solution to cross-over 
problem; eyelets used for mounting components. 

Metallized Circuits Reduce Wiring Costs, September 1947, 
page 116. Atomized metal sprayed through a stencil to form 
conductors in grooves in dielectric material. 

Compact Designs Result from Printed Circuit Components, 
December 1947, page 114. Printed circuit techniques used in 
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ETCHING EQUIPMENT 
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FIG. 2— Modified 


stencil-etch process. 


. The plate is subjected to an air 


agitated etching solution, a spray rinsing operation, a neutralizing solution, a second spray rinsing 
operation, and an air drying operation. The base plate is then removed from the trolley which is 


returned to its reloading position at the masking station. 


standard circuit subunits produced as components for min- 
iature equipment. 

Machine Produces Complete Radios Automatically, June 1948, 
page 116. British development of an automatic assembly 
machine uses wiring and resistors sprayed through stencils. 

Three Metallizing Techniques for Component Design, February 
1949, page 120. Conductors formed by metallizing a non- 
conductive surface as a mass production technique. 

Miniaturization-Crux of Contemporary Product Design, June 
1950, page 86. Printed circuit subunits a major means along 
with unitized package and module design for reduction in 
size, weight and complexity of electronic design. 

Unitized Electronic Design and Construction Techniques, Feb- 
ruary 1951, page 114. Printed circuits shown to be major 
elements in development of functional subassemblies pro- 
viding better reliability and decreased maintenance. 

Improved Components and Materials for Reliable Electronic 
Equipment, November 1951, page 114. Article includes dis- 
cussion of printed circuits and automatic assembly methods 
as important elements in increasing the reliability and 
unformity. 


Mechanization of Wiring-Key to Automatic Assembly, January 


@ FERRIC CHLORIDE ETCHANT (42° BAUME) 
@ NITRIC ACID (40%) 
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IMMERSION WITH AIR AGITATION 
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FIG. 4—Time required to etch 0.001 in. of cop- 
per using nitric acid (40 per cent) as etchant, 
compared to ferric chloride etchant. 
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1953, page 74. Design objectives behind the development of 
Motorola’s “Pla-cir” system for mechanization of point-to- 
point wiring. 

Printed Circuit Assemblies by Automatic-Machine Systems, 
March 1953, page 106. Projected system for mechanizing 
electronic circuit assemblies based on industry experience 
with the Auto-Sembly method developed by the Signal 
Corps. 

British Developments in Embedded and Printed Circuits, May 
1953, page 84. Review of current thinking and progress 
based on recent official reports; several systems discussed, 
including methods of producing sprayed resistors and printed 
coils. 

All-Printed Circuit Electronic Assembly, June 1953, page 152. 
Rubber-backed connector system combined with printed cir- 
cuits chassis elements eliminates connectors and most hand 
wiring. 

Automatic Assembly of Electronic Equipment, July 1953, page 
97. Design of a complete production line for a radar chassis. 

Solderless Electronic Assembly with Cellular Units, September 
1953, page 139. A system of circuit elements that are com- 
bined with printed circuits to simplify automatic assembly. 

(Continued on page 342) 
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FIG. 5—Flow diagram of suggested system for 
recovery of nitric acid etchant. 
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Silicone Rubber 


As Electrical Insulation 


Applications in motors, transformers, appliances and other 


products are steadily expanding as new basic compounds are being improved. 


Sheet and tape, cable and wire extrusions and other forms are reviewed. 


Alex, E. Javitz, Special Features Editor 


ELECTRICAL MANUFACTURING 


SILICONE RUBBER as a dielectric was first discussed in 
detail in ELecrricaL MANUFACTURING several years 
ago. (1)* Since then, both in range and diversity of 
application, and in the improvement of characteristics. 
progress has been significant. The ability of the basic 
materials producers to develop new silicone rubber 
stocks of superior quality, and of fabricators to apply 
these stocks, has made this progress possible. 

This article will discuss silicone rubber in the fol- 
lowing broad classifications: 

1. Nonrigid insulation (coated fabrics; coated tapes; 
sleeving and tubing): 

Extruded wire and cable insulation; 

Flexible printed-circuit bases; flexible or resilient 
casting resins; and other miscellaneous applications, 
mostly experimental; 

4. Basic stocks (selected recent developments ). 

The chemistry of silicone rubber (and other sili- 
cones) has been adequately covered in technical 
literature. (2) It is sufficient to recall here that the 
unique properties of the silicones (thermal stability 
at extremes of temperatures and chemical stability ) 
are owing to the organo-inorganic structure of the 
polymer. The polymeric chain structure consists of 
silicon combined with oxygen (the so-called siloxane 
linkage) attached to hydrocarbon radicals. 

A silicone rubber insulation provides a combination 
of shock resistance, flexibility and resilience, and free- 
dom from cracking and crazing within average tem- 
peratures limits of —100 F to +500 F. Resinous in- 
sulations, even silicone resin, will crack or craze after 
prolonged operation at top operating temperatures. 


wo be 





* Italic numerals in parentheses apply to cited references at end of article. 


126 


Straight organic rubbers retain their properties of 
flexibility and resilience only within a limited temper- 
ature spectrum. The use of silicone rubber insulation 
is therefore indicated in many applications where 
neither resinous insulation nor organic rubber can be 
used. 


Silicone Rubber-Coated Glass Cloth. Coating com- 
pounds and the glass-fiber fabrics can be so combined 
now that finished insulating materials (sheet and 
tape) can be developed in a considerable variety of 
properties. It is possible to emphasize certain charac- 
teristics or compromise others. For example, if an 
application calls for a flexible, heat-resistant insulation 
with very low compressibility and a low compression 
set, it is possible to specify a commercially available 
material with such properties. 

In general, the silicone rubber-coated glass-fabric 
materials provide outstanding heat-aging character- 
istics over a broad temperature range. They exhibit 
high thermal conductivity, good electrical properties, 
and, in particular, excellent resistance to ozone and 
corona. Resistance to corona, in fact, is outstanding; 
it appears to be the best among all the dielectric ma- 
terials.* Silicone rubber has a very slow rate of com- 
bustion. Moreover, after burning, it leaves an elec- 
trically nonconductive ash of silicon dioxide and 
other inert fillers. Even in the case of fire, this means 
that the validity of a circuit could be temporarily 
maintained. 

Silicone-rubber glass-fiber materials have been ap- 
plied in Class H transformers as a component in the 
high-low insulating barrier, core insulating barrier, 
and the low-voltage layer insulation. Applications 
have been made in power cable primary insulation; 





*See appendix to this article, page 132, for detailed report on corona re 
sistance of silicone rubber. 
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Table I—Average Properties of Typical Silicone Rubber-Coated Glass Cloth* 








scnssianestoetalaaiaacalatts 



























Heat resistance 





| 
Thickness, in. | 0.005 0.007 0.010 0.012 0.015 0.020 | 0.025 | 0.032 
Base glass fabric ECC-108 | ECC-116 | ECC-116 | ECC-126 | ECC-127 | ECC-141 | ECC-162 | ECC-162 
Appx. weight, lb/sq yd | 0.35 | 0.50 0.66 0.785 0.965 1.31 1.62 2.20 
Tensile strength, lb/in. width | 65/40 125/115 125/115 195/165 195/165 350/250 500/350 | 500/350 
Dielectric strength, 
4 in. electrode, vpm , 
at 25 C 1200 1200 1100 1100 1000 800 600 400 
at 100 C 1200 1200 1100 1100 1000 800 | 600 | 400 
at 150 C 1150 1150 1050 1050 950 750 650 350 
after 200 hr at 250 C 1000 =|: 1000 950 900 850 | 650 | 500} 300 
Power factor, per cent, 60 cps 
at 25 C 0.8 0.8 0.8 0.8 0.8 0.9 1.0 1.0 
at 100 C 1.1 1.1 1.1 L.1 1.1 ‘3 1.3 1.3 
at 150 C 2.2 2.2 2:2 2.3 2.4 oun 2.4 2.9 
Dielectric constant, 60 cps | 
at 25 C o:00 3.30 a 3.30 3.30 3.40 3.40 | 3.40 
at 100 C 2.80 2.80 2 2.85 2.85 | 2.909 | 2.90 3.00 
at 150 C 2.80 2.80 2 2.84 2.84 | 2.90 | 2.90 3.00 
Low temperature flexibility, 
¢-in. mandrel bend, deg C —65 —65 —65 -65 —65 —65 —65 | —65 


Will retain flexibility after 500 hr exposure to 250 C indicating that it has a safe con- 
tinuous operating temperature up to 200 C 




























* Source: Irvington Varnish and Insulator Division of Minnesota Mining and Mfg. Co. 
Note: Range of other commercially available materials and properties is not necessarily confined to this tabulation. See under Acknowledgements at end of 
article for names of commercial sources 





motor and generator insulation; electronic and com- 
munications equipment. Low-compression set mate- 
rials are being evaluated in large traction motors as 
coil supports and motor pad insulation. 

In specifying silicone rubber insulation it is im- 
portant to know something about the type of com- 
pound used and the method of fabrication. For 
example, some types of low-compression-set silicone 
rubber may contain mercury additives. This is not 
necessarily objectionable, but a mercury-free com- 
pound should be specified where the possible toxic 
effect of the additive may be a cause for concern. 

As another example, where free release from metal 
or other surfaces over a wide temperature range is 
required, acid-forming chemicals should have been 
avoided during the curing of the silicone rubber since 
such chemicals tend to attack, corrode and stick to 
the metal surfaces. 

Commercial grades of silicone rubber-coated glass 
fabric and tape are being produced by several com- 
panies. (See Table I.) There are naturally some pro- 
prietary differences between the finished materials 
made by the various companies, depending on the 
type of compound and base fabric used, and manu- 
facturing technique. Table I gives some average 
properties of general-purpose materials. Table II 
gives the properties of a special-purpose material 
while Table III compares the properties and applica- 
tions of silicone-rubber with silicone-resin insulation. 
Manufacturers’ data provide detailed specifications. 

In addition to glass-fabric materials, the Connecti- 
cut Hard Rubber Company had a series of Orlon- 
based silicone rubber-coated fabrics. These are indi- 
cated primarily for such applications as diaphragms 
rather than electrical insulation, since the thermal 
range is somewhat narrower than that of the glass 
materials, —100 F to 300 F. 
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Semivulcanized Silicone Rubber Tape. Silicone rub- 
ber-coated glass sheet and tape are normally supplied 
to the user fully cured. A semicured or semivulcanized 
tape is made from glass cloth that has been coated on 
only one side with a partially cured silicone rubber. 
Layers of this tape can be wrapped around a coil, for 
example, then heated for a few minutes at a tempera- 
ture in the range of 300 C (572 F) to complete the 
cure. The result is a tough, yet resilient, void-free and 
homogeneous insulating jacket that exhibits the in- 
herent properties of silicone rubber plus the mechani- 
cal strength of the glass reinforcement. This tape is a 
Dow Corning product, identified as Silastic R Tape. 
It is generally indicated for service as an outer wrap- 
ping for field coils, armature and transformer coils, or 
solenoids for operation at temperatures from —70 F 
to 500 F. A particularly wide use for this tape has 
been found for field and interpole coils in diesel-elec- 
tric traction motors and other heavy-duty motors. (3) 

The Cohrlastic 2110 electrical tape made by Con- 
necticut Hard Rubber Company is a pressure-sensitive 
heat-curing silicone rubber tape. The specifications 
call for stability of insulating properties over a range 
from —80 F to 500 F. This tape is made by thoroughly 
impregnating the glass-fiber base with silicone rubber. 
The tape is applied by being wrapped tightly over the 
part being insulated and heating until the tape is 
cured and self-adherent. Metal surfaces have to be 
carefully cleaned and coated with a special primer. 
Cure is effected at 300 F for about 20 min in air- 
circulating oven or between platens, and taped sec- 
tions are given an after-cure in an air-circulating oven 
for 350 F for 1 hr and at 400 F for 3 hr. Dielectric 
strength of the tape (as received) is 425 vpm (2-in. 
electrodes); surface resistivity is 101° ohm (24 hr at 
50 per cent RH); volume resistivity is 101° ohm-cm 
(24 hr at 50 per cent RH). 
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Table II—Properties of Low Compression-Set 


Silicone Rubber-Coated Glass Cloth* 





Still another tape for wrapping and sealing com- 
ponent parts, and for other insulating purposes, is an 
uncured tape made by the Electro Technical Prod- 
ucts Division, Sun Chemical Corp. Tape is made by 
complete impregnation and coating of the glass base 


Property Value . a te 
inane ee sciaia iakcoe tances with the silicone rubber. Only a short cure of 5 to 10 
Thickness, in. ; : 0.0320 min at 360 to 400 F is necessary to develop all the 
mpression set, per cen : ware i : "3 ° -s 5 
Seven in. equere layers under 400 lb load at inhere nt properties that are found in standard pre- 
i 150 Che = hr OS 2.5 cured silicone rubber-coated materials. Ease of han- 
urometer hardness, Shore A, AST! -676 85 : 2 gee ay advantage 
Hydrostatic resistance, ASTM D-751 Method A dling is said to be another advantage. 
ursting strength, psi 200* Experimental work is being done by several com- 
35 psi for 24 hr No leaks anies to develop a 100-per cent silicone rubber t 
Tensile strength, lb/in. width oe h P wae P onl sails, alia se 9 
Lengthwise 100 0 the pressure-sensitiv e-adhesive type that can be 
ane 150 applied without heat in the same manner as commer- 
electric strength, vpm ? : i]. : ‘ 7 T 
etan neha le tint thane 390 cial p.s.a. tapes available in other materials. No prog- 
Lubricating oil resistance, ASTM D-471 Method ress details have been released at this writing. 
A, ASTM oil No. 1 at 350 F for 70 hr : Connecticut Hard Rubber, however, has developed 
Volume change, per cent 5.48 tn tne italiane ae < 
Decomposition None in its Cohrlastic Temp-R-Tape, a Class H p.s.a. tape 
ri tackiness None that utilizes a silicone-resin coated glass fabric plus a 
C96 /2S 0 LDIDG/IR" ° 18 silicone-rubber adhesive. Tape requires no cure; it is 
Moisture absorption, per cent described as being completely pressure-sensitive over 
C-96/25/0+C1-96/25/96¢ 0.28 


® Source: 


Mica Insulator Co. 





Grade No. E-943. 


> Preconditioned for 96 hr at 25 C at a RH of 0 per cent, then conditioned 
for 96 hr in water at 25 C. 
© Preconditioned for 96 hr at 25 C at a RH of 0 per cent, then conditioned 
for 96 hr at 25 C and 96 per cent RH. 
* Limit of equipment. 


Table 11]—Comparison of Silicone Rubber and 


Class of 


Silicone resin-varnished 


Silicone rubber-coated 


* Source: 


Silicone Resin Glass-Cloth Insulation* 





glass-fiber cloth 


glass-fiber cloth 
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Characteristics 


1. High-temperature _re- 


sistance. up to 250 C. 


| 2. Physical and electrical 


| 4. Low dielectric 





yo ies little affected 


| 


yy long exposure to | 


high temperature. 


. High dielectric 


strength. 
losses, 


little affected by moist- | 


ure. 


5. High tensile strength. 


1. High-temperature _ re- 


sistance, up to 250 C. 


2. Physical and electrical 


properties little affected | 


by long exposure to 
high temperature. 


. High dielectric strength, 


although not as high as 


silicone-varnished glass | 


cloth. 


. Low dielectric losses, 


somewhat more affec- 
ted by moisture than 
silicone-varnished glass 
cloth. 


| 5. High tensile strength, | 


although not equal to | 


silicone-varnished glass | 


vloth. 


. Extreme flexibility. 


. Class H 


Applications 


1. Class H insulation in- 


cluding: 

Cableinsulation wrapp- 
ing; Coil insulation; 
Phase separators in 
motors and translorm- 
ers; Motor armature 
slot liners; Air-cooled 
transformer insulation: 
Insulation of electrical 
components such as 
relays, rheostats, re- 
sistors and capacitors. 


. Availability: Sheets 


and tapes in continu- 
ous rolls. 


insulation, 
same as listed above. 


. Silicone rubber glass 


cloth is recommended 
for many applications 
where abrasion and me- 
chanical abuse is en- 
countered. It is super- 
ior to the silicone 
varnished glass in this 
respect. 


. Availability: Sheets and 


tapes in continuous 


rolls. 


Based on data published by Continental-Diamond Fibre Co. 





a temperature range of —80 F to +400 F. Dielectric 
strength is 800 to 1000 vpm. 

A silicone-rubber adhesive is also used by this com- 
pany in two other interesting p.s.a. tapes, both of 
which have electrical insulating applications: (1) 
Temp-R-Tape K employing a Kel-F base, and (2) 
Temp-R-Tape T with a Teflon base. Both tapes reflect 
the inherent characteristics of these fluorocarbons. 


Silicone-Rubber Tubing and Sleeving. An inner 
glass-fiber tubular braid plus an outer silicone rubber 
tubing provides an effective insulation for applications 
that require high dielectric properties and continued 
flexibility at temperatures from —100 F to 500 F. Sili- 
cone rubber sleeving and tubing are available in sizes 
No. 24 AWG through No. 1/0 in NEMA Grades H-A-1, 
H-B-1, H-C-1 and H-C-2. Properties are summarized 
in Table IV. 

Flexibility, an outstanding advantage of silicone 
rubber sleeving, in comparison with resinous varnished 
sleeing, may at times prove to be a disadvantage. 
Some users find that the very softness of the sleeving 
makes it difficult to work with on a production basis. 
Improvements in materials are reported, however, 
both in laboratory and pilot-plant stages, that should 
overcome most of the complaints. It is felt by some 
that silicone rubber tubing and sleeving will almost 
completely replace silicon-resinous materials within 
a few years. 

Industry-wide reaction to flexible silicone rubber 
insulation is highly favorable. Typical is the experi- 
ence of one large equipment manufacturer. Silicone 
rubber tape has been used here extensively with uni- 
formly good results. No equipment failures have been 
traced to failures in the tape itself. Particularly good 
use has been made of glass-fabric coated tape in trac- 
tion-motor field coils. The tape however is not used 
in high-voltage equipment since it is apparently diffi- 
cult to impregnate the glass backing with sufficient 
thoroughness to completely fill the air interstices. The 
resulting air occlusions provide foci for insulation 
failure. 

Silicone rubber, when compressed, or otherwise 
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molded so that air voids are eliminated, has excellent 
voltage endurance, probably the best of all dielectric 
materials. This is why it is so desirable to obtain a 
thorough impregnation of the glass backing, so that 
the inherent property of the silicone rubber is ex- 
ploited to the fullest. 

Higher costs, compared to the more conventional 
insulating fabrics and tapes, are still a disadvantage. 
The base material is usually glass fabric, in itself 
higher priced, and the silicone rubber coating or fill 
also costs more. Moreover, the usual ratio of silicone 
rubber to fabric is on the high side. Costs, however, 
have to be weighed against performance. Eventually, 
silicone rubber will repeat the pattern that has been 
common to other new insulation: Increasing consump- 
tion followed by economies in production and reduced 
costs. Unquestionably, flexible silicone rubber mate- 
rials have already assumed a valued position among 
other contemporary nonrigid insulations that enter 
into the design of functional insulating systems. (4) 


Wire and Cable Insulation. Perhaps the greatest 
area of progress for silicone rubber insulation has been 
in wire and cable, both as wrap insulation and as 
extrusion. Many wire and cable manufacturers, not 
presently using these materials, are seriously consider- 
ing their applications. 

Silicone rubber properties already mentioned are 
particularly useful for wire and cable insulation. To 
recapitulate: 


1. Silicone rubber-insulated wire can operate con- 
tinuously at temperatures up to 200 C (392 F). 
This, plus its low-temperature performance, permit 
design of equipment expected to operate over a 
temperature range from —85 C to +200 C (—121 
F to +392 F). 
Resistance to ozone, corona and dielectric fatigue 
is excellent. 
3. Dielectric strength remains relatively stable even 
over wide temperature ranges. 
4. Chemical resistance is good. Silicone rubber is inert 
to attack by many chemicals. Standard compounds 
are free of corrosive and acid-forming ingredients. 
Resistance to weathering and aging is excellent. 
Slow combustion rate. Resulting ash is nonconduct- 
ing and, when contained by a glass braid, will 
function temporarily as a valid insulator. 
7. Silicone rubber can be extruded at normal proc- 
essing rates in conventional equipment that re- 
quires only minor modifications. 


bo 
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On the negative side is the question of cost—already 
mentioned in relation to the flexible materials. At the 
present price structure, silicone rubber has been de- 
scribed as a specialty insulation for limited volume 
applications, but as uses increase, prices are expected 
to come down. The trend, in fact, is already down- 
ward. Much depends on the development of civilian- 
product applications. 

Major uses so far have been in Navy communica- 
tions and control cable, and in ordnance high-tension 
ignition cable. In the Navy applications, silicone rub- 
ber has provided heat and flame resistance previously 
unobtainable, and has permitted operation at tem- 
perature extremes of —65 F to +450 F. 
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In civilian products, the leading application so far 
has been motor and transformer lead wire insulation. 
Prime reason for such use is the high-temperature 
characteristic of silicone rubber. At least one motor 
manufacturer uses silicone rubber-insulated lead wire 
for Class B as well as Class H motors. Promising fields 
for silicone rubber wire and cable are seen also as 
refrigerator defroster wire; X-ray cable; control cables 
in power station installations. One producer of silicone 
rubber forecasts a large-volume use in recessed wir- 
ing for fluorescent lamp fixtures and in appliance wire 
and cord. Neon-sign cable is another possibility. 

Ozone and corona resistance and voltage endurance 
provide silicone rubber insulation with three advan- 
tages which could be utilized in many high-voltage 
applications. 

A special ignition system wire is believed to have 
stainless steel conductors with a double-extrusion sili- 
cone rubber insulation. The first extrusion is 45 mil 
with a glass-fiber braid (unimpregnated) over it for 
mechanical protection, and then a second extrusion of 
about 30 mil which also serves as the exterior jacket. 
Operating temperature range is —65 F to +450 F. 
A high-temperature radio-frequency cable for special 
aircraft application has a primary insulation of ex- 
truded Teflon with a silicone rubber jacket. Previously, 
the polyethylene insulation could not be used without 
an elaborate system of air cooling. 

The intense interest in silicone rubber-insulated 
wire and cable was reflected in a group of papers pre- 
sented at the recent Symposium on Technical Progress 
in Communication Wires and Cables sponsored by the 
Signal Corps Engineering Laboratories, December 14, 
15 and 16, at Asbury Park, N. J. 

In a paper by H. T. Armitt, Okonite Corp., (5) some 
special constructions were described: 

A high-voltage cable, No. 14 AWG, 19-strand tinned 
copper conductor, is provided with a wall of silicone 
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Table IV—Typical Properties of 
Silicone Rubber-Coated Tubing* 


| 
NEMA | 48 hr at 25 C | 96 hr at 25 C 
Property Class | and 50% RH | and 96% RH 
Dielectric ! 7000 2800 
strength, volts 4000 2000 
(average mini- f 2500 
mum) os 1500 
Heat endurance 10 min at 650 F (340 C) 
(no appreciable | 100 hr at 500 F (260 C) 
change in prop- | 1000 hr at 392 F (200 C) 


erties) 


Continuous opera- |Appx. 356 F to 400 F (180 C to 200 C) with 

tion | no apparent effect. For shorter per- 
| iods of several hundred hours can be 
| operated at about 527 F (275 C). 


| 


Low-temperature | } in. mandrel test at about —76 F to 


flexibility —65 F. Brittle point about —90 F. 


Slow burning to self-extinguishing 
(NEMA or ASTM standards) 


Flammability 


Fungus resistance | Inert 


| Kinking does not affect dielectric prop- 
erties. Chemical resistance generally 
good to inorganic acids, alkalis and 
aliphatic hydrocarbons; but some 
swelling is caused by certain aro- 
matic hydrocarbons and chlorinated 
organic solvents. When thoroughly 
cured, the silicone rubber coating 
offers satisfactory resistance to abra- 
sion and handling. 


Other properties 





| 
* Composite data derived from manufacturers literature. Sources: Bentley, 
Harris Manufacturing Co.; William Brand and Co. Inc.; Irvington Varnish 
and Insulator; Mitchel-Rand Insulation Co. 





rubber to 0.390 in. and a layer of 0.0063 tinned copper 
braid overall. Measurements indicated that the dielec- 
tric constant remained substantially the same at a 
value of 3.2 over a frequency range from 0.5 mc to 
5.0 me. Power factor however increases approximately 
by 160 per cent over the same range. The increase 
however is not so large in absolute terms since the 
change is from 0.0015 at 0.5 mc to 0.0039 at 5.0 mc. 
These values agree generally with the values given 
for the basic silicone rubber material used for the 
insulation. 

A high-power, low-noise pulse cable (25 ohm) with 
a silicone rubber insulation is being developed under 
a Squier Signal Laboratory contract. A comparison of 
the component losses of two similar high-power cables, 
one using a synthetic rubber insulation and the other 
silicone rubber, indicates that the latter shows some 
advantage in the frequency range of 1.0 to 10.0 me. 
The measurements show that the silicone rubber in 
sulation has less of a loss factor. 

The development of the Navy program in silicone 
rubber-insulated shipboard cable was reviewed by 
G. Michael Van Lear, Bureau of Ships. (6) The original 
work began as the so-called “reduced diameter ship- 
board cable” program. The purpose was to develop 
smaller-sized and lighter-weight asbestos-insulated 
Type HFA cable (heat- and flame-resistant armored 
cable). The program eventually led to silicone rub- 
ber cable since this provided not only reductions in 
size and weight but other desirable properties. Various 
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problems were overcome, such as the relatively poor 
physical properties of silicone rubber compared to 
other insulations. The compatability of silicone rubber 
insulation with other components in the cable struc- 
ture has to be continuously checked. Applicable speci- 
fication MIL-C-2194 covers the following types of 
cable: 


1. Control cables are insulated with extruded silicone 
rubber and contain 1 to 44 conductors in sizes less 
than No. 10 AWG with the following essential 
features: 

a. Stranded conductors of bare copper, water- 
tight: 

b. Class E (extruded) dielectric; 

c. Closely woven glass braid, lacquered; 

d. Insulated conductors cabled, watertight: 

e. With or without binder over core; 

f. Impervious sheath; 

g. Braided wire armor and paint. 


to 


Power and lighting cables are insulated with taped 
silicone-treated glass cloth and contain 1 to 4 con- 
ductors in sizes larger than No. 10 AWG up to 
800,000 CM. Essential features are the same as for 
control cables except that the extruded silicone 
rubber dielectric and the lacquered glass braid are 
both replaced by the taped (Class T) dielectric. 
Existing manufacturing facilities are utilized for 
both cable designs. 

Specification MIL-C-2194 contains the following 
practical testing procedures used for qualification 
evaluation and inspecting material on Navy contracts: 


Test Qualification 


Cold-working S-bend on 
12 x mandrel at —20 C 
180-deg cold bend on 12 x 
mandrel at —20 C 

Current loading 400 hr at 
125 C, copper 

Current loading 18 hr at 
125 C, sheath 

950 C gas flame at rated 
voltage 3 hr lL hr 


Inspection 


No damage 
No damage 
No damage 


No Damage No damage 


Experimental Silicone Rubber Materials. There are 
several-types of silicone rubber insulation still in labo- 
ratory stage. One of these is a silicone-rubber casting 
or embedment resin. The objective is a material that 
could be used for embedment of electronic circuit 
elements in equipments required to operate under low 
as well as high-temperature conditions. It is under- 
stood that a silicone rubber material cross-linked with 
a vinyl resin has been investigated. The work is as 
yet incomplete, and as a matter of fact some difficulties 
may have been encountered in developing a material 
that provides a casting free of porosity. (This is not 
to be confused with silicone rubber compounds used 
for encapsulating or coating coils or similar parts, as 
discussed later. ) 

Some attempt has been made to develop an unsup- 
ported silicone rubber film, that is a semivulcanized 
tape with no backing. But the work is still far from 
any possible production basis. A silicone rubber foam 
material is likewise under investigation, but the em- 
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phasis so far has been on physical or structural proper- 
ties since the initial interest is for aircraft sandwich 
construction. 

Some work was done a year or so ago on silicone 
rubber as a flexible base for printed circuits. The work 
was dropped because the requirements called for sev- 
eral hundred hours of operation at 200 C to 250 C 
and at such temperatures the copper circuit oxidized 
and left an oxide deposit on the rubber. A silver circuit 
would probably work but would increase the cost. At 
any rate, the application may be feasible for very spe- 
cialized purposes, and where a silver pattern can be 
economically absorbed. 


Silicone Rubber Stocks. Both producers of silicone 
rubber stocks—Dow Corning Corp. and General Elec- 
tric Company—have accomplished significant improve- 
ments in the scope and characteristics of their mate- 
rials. As already mentioned, the progress in finished 
insulation (sheet, tape, extrusions, as well as in molded 
and fabricated parts) has resulted in a large degree 
from these improvements. It is impossible to review 
in the space available here the various stocks of out- 
standing interest. A few, however, of those most 
recently announced, will be noted: 

General Electric SE-100 is said to produce a silicone 
rubber-coated cloth of exceptionally good dielectric 
and physical properties. An ECC-116 glass cloth 
coated with this compound to a thickness of 0.010 in. 
shows a dielectric strength of 1200 to 1400 vpm at 
25 C, stays unchanged at 85 C, and holds at 1000 to 
1400 vpm after 96 hr at 96 per cent RH. Water absorp- 
tion, 96 hr in water at 25 C after 96 hr over Ca Clo, 
is 0.85 per cent. Heat resistance test showed no 
deterioration or loss in dielectric strength after 800 hr 
at 250 C (482 F) or 200 hr at 315 C (599 F). 

Ability of SE-100 to cure tack-free at low tempera- 
tures suggests its use with base materials other than 
glass or asbestos. Five or 10 min at 125 C to 135 C 
(257 F to 275 F) are sufficient to advance cure to the 
point where a very usable product could also result 
when using nylon, Orlon or even cotton. Such mate- 
rials could be utilized as tough yet flexible insulation 
where especially high-temperature resistance is not 
needed. Conceivably, it is pointed out, these materials 
may find applications in Class A and B insulations. 
The SE-100S material is a 35 per cent dispersion in 
solvent. 

SE-100 is suggested also as an encapsulating com- 
pound. The part to be treated is dipped into the com- 
pound using the same technique as in applying a 
varnish coat. Since the rubber solution does not readily 
penetrate into coils or small interstices, this therefore 
becomes an encapsulating rather than an impregnating 
treatment. The technique calls for cure at 125 C 
(257 F) or higher for 30 min, and suitable precautions 
for proper cure are specified so that a final tough, 
abrasion-resistant, blister-free encapsulating film is 
obtained. The surface should be tack-free and the di- 
electric strength should be 1000 vpm or better. 

A variant of SE-100 is a flame-retardant compound 
identified as SE-101. Tests have shown that this ma- 
terial supports combustion for less than 6 sec after 
removal of flame. Dielectric strength is somewhat 
lower than that of SE-100 but dielectric properties 
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remain stable over a range of —76 F to +600 F. 

General Electric’s SE-550 is a silicone rubber com- 
pound specifically designed to be used where elas- 
tomeric properties are required at temperatures below 
—60 F. It may be used for molding and extrusion, 
also calendered. Low-temperature flexibility does not 
impair high-temperature performance. Overall oper- 
ating stability of elastomeric properties is given as 
from —120 F. to +600 F. Actual brittle point is 
specified as below —120 F. Dielectric strength is 440 
vpm; dielectric constant is 3.2 (60 cps), power factor 
is 0.003 (60 cps) 

Of the Dow Corning compounds, Silastic 80, com- 
pounded with fumed silica, is indicated specially for 
cable insulation. This compound is one of a new family 
of silicone rubbers that use fumed silica or silica soot 
as a filler. In effect, the electrical properties of the 
silicone rubber are no longer limited by the nature of 
the filler since the fumed silica possesses essentially 
the same or better dielectric properties than the sili- 
cone polymer itself. 

This type of silicone rubber is said to have com- 
paratively low dielectric loss, actually the loss factor 
is two orders of magnitude below that of a silicone 
rubber filled with diatomaceous earth. There is no 
change with temperature, nor appreciably with fre- 
quency between 60 cps and 1 me. At higher frequen- 
cies, there is an increase, with a peak at a frequency 
greater than 10,000 mc. This increase is due to the 
polarity of the silicon-oxygen linkage in the polymer, 
and is typical of all silicone rubbers. The loss tangent 
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value at 100 cps is 0.00058; at 1 mc, it is 0.0006; at 
10,000 me, it is 0.0167. Dielectric constant is 2.96 at 
100 cps and remains at 2.95 up to 10 me. At 10,000 mc 
it is 2.85. 

Water absorption values of Silastic 80 are very good. 
Per cent volume change after 7 days’ immersion at 
room temperature is 0.8 per cent; after 70 hr at 212 F, 
it is 2.0 per cent. Dielectric properties show good 
stability after immersion. Insulation resistance of a 
50-ft length of extruded Silastic 80 cable immersed in 
water at 70 C showed only a small decrease in resist- 
ance after 11 months and no failure in the immediate 
future was indicated. Another type of silicone rubber 
insulation (silica aerogel filled) failed in about 3% 
months. (7) 

Also a new Dow Corning development is Silastic 50, 
featuring excellent electrical properties. Both Silastic 
50 and 80 can be blended to form compounds of any 
desired Durometer hardness between 50 and 80 to 
facilitate fabrication. 

Some overall design notes could well serve as a 
conclusion to this review. It is important to emphasize 
that silicone rubber insulations are not necessarily 
restricted to Class H application. There are other 
factors that may be invoked in design, such as low 
compression set; good low-temperature flexibility; re- 
sistance to ozone, to corona, and to dielectric fatigue. 
Producers of silicone rubber stocks and insulation feel 
that a widely expanding field of application is opening 
up not only in the design of new products, but also in 
the redesign of existing products to take advantage 
of the special properties of these materials. OOO 
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Corona Resistance of Silicone Rubber 





Experimental data show high 
resistance of this material 


S. L. Reynolds, Research Laboratory 
GENERAL ELECTRIC COMPANY 


OwING TO THE GROWING IMPORTANCE 
of silicones as insulating materials, 
exploratory experiments were under- 
taken to test the corona resistance of 
silicone rubber. For the present pur- 
poses, “corona resistance” is defined 
operationally as the resistance to elec- 
trical breakdown of a dielectric sub- 
jected to a potential difference large 
enough to produce a visible discharge, 
but not large enough to produce in- 
stantaneous breakdown. According to 
this definition, the corona resistance of 
filled silicone rubber is excellent. 
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The following three kinds of ex- 
periments were carried out: 


1. Corona tests in various gases. 
2. Life tests in layer-capacitors. 
3. Life test in air. 

All experiments were carried out on 
SE-450 silicone rubber prepared by 
the Chemical Division, General Elec- 
tric Company, Waterford, N. Y., and 
supplied in the form of sheets 12 in. 
square and 0.05 in. thick. The mate- 
rial is vulcanized methyl gum stock 
to which has been added 40 per cent 
of finely divided silica as filler. 

Corona Tests in Various Gases: 
These experiments were carried out 
in specially constructed all-glass co- 
rona generators as shown in Fig. 1. 
A single turn of silicone rubber was 


wrapped around the inner coaxial wall 
of the generator, which was then as- 
sembled. The ground-glass joint-ends 
of the generator were lubricated with 
type N Apiezon grease. The gener- 
ator was connected to a vacuum sys- 
tem by means of a_ball-and-socket 
ground-joint. When the pressure had 
dropped below 0.5 micron, the proper 
gas for the experiment was admitted 
to a pressure 20 mm _ below atmos- 
pheric, this pressure differential being 
intended to in keeping the 
joints sealed. 


assist 


Before the experiment was begun, 
a gas sample was transferred from the 
generator directly into a mass spec- 
trograph. If no impurities could be 
detected on this instrument, an a-c 
potential difference of 20 kv rms was 
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glass corona generator. 






TO GROUND 


FIG. 2—Layer capacitor of silicone rubber. 


FIG. 1 (Left)—Drawings of unassembled all- 


Results of Corona Tests on Silicone Rubber in Various Gases at Room Temperature 


Power factor 


Sample®* -—— 
No. Time, hr Initial 


Gas 


901» Ne 142 
916» No 105 
902 H,. 81 
914> H, 107 
900 O» 28 
908 . O. 22 
913 O. 38 
904 Air’? 2i 


Samples weighed from 9-18 gm 
Observed weight losses as follows: 
Relative humidity, 38 per cent 

At 300 per cent elongation 
Experiment continued. 


°F 


a 


0.5 per cent (No. 901); 0.2 per cent (No. 916) 


Final Initial Final Initial 
0.002% 1 ; cae 800 
800 
800 
800 
800 
800 


800 


0.0034 
0.0034 


; 0.1 per 


Oxygen completely consumed at 128 hr 





cent (No. 914) 


Dielectric constant /|Tensile strength, psi4 


Final 
800 
845 
800 
870 


Final gas analysis 


>98% Nz 
Hydrogen and trace CO, 
2.8% Methane 

100% He Methane present 
at 18% CO; 

536 23% COs 

566 

6% CO», 9.5% O», 84.5% Ne 





placed across the generator. At this 
potential difference, the measured 
ionization current indicated that the 
power being dissipated in the gen- 
erator was about 10 watts. At the 
close of the experiment, the gas in 
the generator was again sampled as 
before and analyzed on the mass spec- 
trograph. The corona generator was 
then opened, and the sample of sili- 
cone rubber was removed and sub- 
jected to measurements, the results 
of which are shown in the appended 
table. (Unfortunately, each kind of 
measurement could not be made on 
every sample.) 

The following conclusions were 
drawn from the test data and from 
the appearance of the specimens at 
the close of the tests. Only negligible 
changes are produced in SE-450 sili- 
cone rubber at room temperature by 
the action of corona in hydrogen or 
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nitrogen near atmospheric pressure in 
100 hr. In oxygen or air under the 
same conditions, considerable oxida- 
tion of the material will occur and its 
tensile strength will decrease. Even 
under these conditions, however, SE- 
450 silicone rubber is remarkaly co- 
rona resistant. 

Life Tests in Layer-Capacitors: 
Two layer-capacitors were made from 
the SE-450 silicone rubber by ater- 
nating sheets thereof 6 in. square 
with 10-mil copper electrodes 2 in. 
square as shown in Fig. 2. In each 
capacitor, three electrodes and four 
sheets of the dielectric were used. 
The center electrode was connected 
to a 14 kv (rms) voltage source, and 
the two other electrodes were con- 
nected and maintained at ground po- 
tential. 

Test leads were brought out on 
opposite sides of the capacitor to pre- 


vent flashover. From time to time, di- 
electric loss measurements were made 
until these yielded constant values of 
tan §, the loss angle. The measure- 
ments were then made at weekly 
intervals until one capacitor failed 
after 2650 hr, at which point both 
tests were terminated. 

The results of dielectric loss meas- 
urements on the capacitor that failed 
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FIG. 3—Effect of ionization on dielec- 
tric loss of layer capacitor. 
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FIG. 4—Disassembled layer capacitor after test run and failure (Life test, 2650 


hr at 14 kv, rms). 


are plotted in Fig. 3. (The tan $ 
values may be regarded equivalent 
to power factor.) Perhaps the most 
striking feature in the figure is the 
result of the last measurement, which 
was made on rubber removed from 
the capacitor after failure. The fact 
that the point for this rubber is near 
zero, the initial value of tan §, shows 
that the dielectric losses in the rub- 
ber itself did not increase appreci- 
ably during the experiment. 

Fig. 4 shows the disassembled ca- 
pacitor after failure. Failure actually 
resulted because of leakage to the 
high-voltage electrode over the sur- 
face of a glass-bonded mica plate 
used to hold the capacitor. The pro- 
nounced corrosion of the copper elec- 
trode owing to the presence of ozone 
and nitrogen oxides is clear. The di- 
electric losses are traceable largely 
to these corrosion reactions. The sili- 
cone rubber was not punctured al- 
though it had become brittle as is 
clear from the jagged break it suf- 
fered in being removed. 

Life Tests in Air: In these tests, 
single sheets of SE-450 silicone rub- 
ber were placed between different 
electrodes in air and subjected to a 
potential difference near 13 kv. 
(about 300 vpm). 

Fig. 5 shows one of the stretched 
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silicone rubber specimens after the 
test. No failure occurred, although 
the center is embrittled. For com- 
parison, note that stretched, unfilled 
natural rubber failed in 6 min. The 
latter result might have been ex- 
pected, but it was surprising to learn 
that a stretched GRS-base high-volt- 
age ozone-resisting compound (for- 
mula on request) was not much better; 
the times to failure in two experi- 
ments resembling those of Fig. 5 were 
10 and 30 min. In the unstretched 
condition, GRS compound and _ un- 
filled natural rubber will resist co- 
rona for hundreds of hours. The 
experiments of this paragraph empha- 
size the great extent to which stretch- 
ing reduces the corona resistance of 
elastic dielectrics; this effect is so 
large that any effect of thickness dif- 
ferences on the dielectric strength 
could be ignored. 

The life tests were run in a wooden 
cabinet (inside dimensions, 2 ft x 2 ft 
x 5 ft) equipped with a glass window. 
Generated ozone was exhausted to 
the laboratory ventilation system. 
Life-test voltages were supplied by a 
50-kv transformer rated at 2 kva. The 
primary voltage of the transformer 


* H. H. Race, “Dielectric Strength of Insulating 
Liquids in a Continuously Circulating System,” 


supplement to Electrical Engineering, Transactions 
Section, 59, 730-737, Dec. 1940. 





FIG. 5—High-voltage ionization test samples: Stretched silicone (left) 1100 hr, 
26 per cent stretch, 13 kv, and (right) natural rubber, 6 min at 13 kv. 
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was controlled by means of a man- 
ually operated Variac, and the poten- 
tial difference across the specimens 
were measured in the manner de- 
scribed elsewhere.* When a sample 
failed, the voltage was cut off by 
means of a thyratron trip circuit so 
adjusted that the current required to 
reduce the potential difference to 
zero could not damage the sample 
being tested. In contrast to the be- 
havior of the GRS compound, the sili- 
cone rubber did not fail in the fol- 
lowing experiments: 

1. 2810 hr at room temperature 
between either sharp-ring or waffle 
electrodes, these being constructions 
designed to give extremely high elec- 
tric fields near the rubber surface. 

2. 1900 hr or more between cir- 
cular electrodes, 1 in. diam, (a) 
stretched 15 per cent in room air, 
(b) stretched 22 per cent in dry 
nitrogen, (c) stretched 26 per cent 
in room air. 

3. 3100 hr stretched 25 per cent in 
dry air. 

Failure did occur under the fol- 
lowing extreme conditions between 
the circular electrodes just described. 


1. After 910 hr at 170 C stretched 
30 per cent in room air. 


2. After 840 hr in room air under 
the following temperature cycle: 12 
hr at 175 C followed by 12 hr at 
room temperature, the cycle being 
repeated to failure. 

3. After 1440 hr in room air under 
a similar temperature cycle with 164 
C as the high temperature. 

Chemical Data: In all three kinds 
of experiments described in _ this 
paper, there were indications that 
silicone rubber exposed to the action 
of corona in air is slowly oxidized and 
embrittled. These changes, of course, 
became more pronounced with time, 
and they can cause cracking and 
eventual failure of the sample. Oxida- 
tion and embrittlement rapidly be 
come negligible as the distance from 
the electrode increases, and in these 
regions the silicone rubber is soft even 
when failure has occurred in the elec 
trode areas. 

Summary. Three kinds of explora- 
tory experiments have revealed that 
SE-450, a silica-filled methyl] silicone 
rubber, is highly corona resistant at 
temperatures up to 175 C. When 
oxygen gas is present, the methy] 
groups in the rubber slowly oxidized, 
probably by ozone and by nitrogen 
oxides provided these can form. From 
the experimental results, it appears 
that silicone rubber is unique among 
flexible materials in having marked 
corona resistance even when stretched 
at high temperatures. ood 
Circle No. 134, Reader Inquiry Facility, page 241 
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Effect of Temperature on 


lron Powder Cores 


Heat tests on two types of high-frequency powdered iron cores show changes 


in Q that may affect performance where close tolerances 


George Katz, Tube Department 
RapIo CORPORATION OF AMERICA 


RECENT TREND toward miniaturization in radio, tele- 
vision, and other electronic equipment has led to a 
need for closer electrical tolerances on finished molded 
compacts of powdered iron. In many cases tolerances 
on permeability have been reduced from +2 per cent 
to +0.75 per cent, and tolerances on Q from +5 per 
cent to +1 per cent. Extreme care must be taken in 
manufacturing processes and quality control to meet 
these requirements. 

Because these tolerances must also be maintained 
throughout the life of the euipment in which the iron- 
powder .cores are used, other factors such as aging, 
decay, shock, moisture, and temperature effects must 
be considered. In view of the extreme temperatures, 
both atmospheric and artificial, to which the compacts 
may be subjected, the effects of temperature are prob- 
ably the most important of these factors. The thermal 
properties of such related materials and components 
as insulating materials and coil windings are also af- 
tected by temperature and in turn affect the over-all 
performance of the equipment. 

A number of studies were made to determine the 
change in the electrical properties of iron cores with 
temperature, and to separate and establish the amount 
of change due specifically to the iron compact as com- 
pared to that due to the coil in which it is tested. 
During these studies, three different tests were made 
on the iron cores and test coils: Live heat run, its 
permanent effect on compacts, and a heat run on 
test coil. 


Live Heat Run Effects on Iron Compacts. A core 
of the powder being tested was inserted in the ap- 
propriate test coil. The coil was then placed in a 
thermostatically regulated oven and connected to the 
Q-meter by means of insulated leads extending 
through a small hole at the top of the oven. The coil- 
and-core combination was resonated at the desired test 
frequency, the C and Q values were recorded at 
25 C, and the oven was turned on. The temperature 
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are required. 


Test setup for measuring the effect of 
coils. Specimens are hung within the 


of the oven was slowly and gradually increased, and 
electrical characteristics of the coil-and-core combina- 
tion were recorded at intervals of 10 C from 80 C to 
190 C. The temperature of the oven was maintained 
at 190 C for 4 hr, and measurements were taken at 
intervals of 30 min. The oven was then allowed to 
cool to 25 C and the C and Q values were again 
recorded. 


Permanent Heat Run Effects on Iron Compacts. 
Iron cores molded from the test powder were placed 
in the oven simultaneously with the core in the test 
described above. After the oven reached 190 C, a 
number of cores were removed at intervals of 30 min 
and allowed to cool to room temperature, and the 
electrical values were recorded. The difference be- 
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INDUCTANCE of a test coil may be 
calculated from the coil dimensions 


through the use of the Wheeler 
Inductance Equation.1 At 25 C in- 
ductance L in microhenries is, 

_ SP 

~ 6a+9b+10e 

_0.8 (0.375)? 9002 








ductance at 190 C with a value com- 
puted from its dimensions, it is neces- 
sary to determine the coil dimensions 
at the elevated temperature. These 
dimensions, calculated using a linear 
coefficient of expansion of 14.09 x 
10-6 jin./in./C, are: a, 0.376; b, 
0.6266; and c, 0.4386. 

If these values are substituted in 
the equation first given above the 
calculated inductance becomes 7.46 
mh. If the observed values of capaci- 
tance at 190 C in Table I are substi- 
tuted in the second equation, calcu- 


19.95 =7.4X103 
In this example, 
a, mean radius = 0,375 in. 
b, length of coil = 0.625 in. 
c, radial thickness = 0.4375 in. 
N, number of turns = 900 lated inductance is 7.67 mh. 


The inductance may also be calcu- 
lated from the observed values of 


Values for Q may be computed 
from 


capacitance and test frequency. Using o=27fL 
data for 25 C from Table I, R, 
a =7.5 millihenries where L is in microhenries, and R; is 
(22f/?C total resistance of coil or coil-and-core 


To compare the observed coil in- 


combination in ohms. Measured Q was 


108 at 25 C. The value of Ri com- 
puted from the above equation is 
42.7 ohms. Because R; is equal to the 
sum of the a-c resistance Rac and the 
d-c resistance Rae of the coil or coil- 
and-core combination, the a-c resist- 
ance may be determined by subtrac- 
tion of the measured d-c resistance 
from R,. For the coil described above, 
Rac is 11.0 ohms; Rac is 31.7 ohms. 

The d-c resistance at 190 C is de- 
termined by multiplying the value at 
25 C by 1 + a (te — ti). Using a 
value of 0.0065 for the coefficient of 
resistivity a, the total resistances at 
190 C is 54.5 ohms. Substituting this 
figure for R; in the equation above 
gives a calculated value of 83.8 for 
© at 190 C. Note that the observed 
value was 70.0. 


1 


page 1398, October, 1928. 


“Simple Inductances Formulas of Radio Coils” 
by H. A. Wheeler, Proceedings 1.R.E., Volume 16, 








tween the readings taken before and after this heat 
run represents the permanent change in the electrical 
properties. 


Heat Run Effects on Test Coil. A procedure iden- 
tical to that described in the first test was followed 
to obtain data for the heat effects on the test coil alone. 
The influence of heat on the test coil, as shown in 
Table I, is a maximum inductance change of 2.38 
per cent between 25 C and 190 C. The coil consisted 
of 900 turns of 19/41 SNE wire, and was % in. long; 
frequencies used were 60 kc and 98 kc. 





Table I—Test Data on Heat Run 


Test Frequency, 98 ke 











Temp., Q Change, C Change, 
deg. C per cent per cent 
25 108 0 352.4 0 
90 103 4.62 351.0 0.397 
100 101 6.47 350.8 0.453 
110 100 7.40 350.1 0.650 
120 99 8.32 349.5 0.823 
130 98 9.25 348.9 0.992 
140 95 12.00 347.9 1.275 
150 92 14.8 346.1 1.786 
160 87 19.45 345.1 2.070 
17 81 25.0 344.9 2.130 
180 76 29.6 344.8 2.880 
190 70 35.2 343.6 2.495 
Held at 190 C for 
V hr. 64 10.7 343.6 2.495 
1 hr. 64 10.7 343.1 2.640 
1% hr 63 41.6 344.0 2.380 
2 hr. 62 A2.6 344.0 2.380 
21% hr. 62 12.6 344.0 2.380 
3 hr. 62 12.6 344.0 2. 380 
3% hr. 63 11.6 344.0) 2.380 
4 hr. 64 10.7 344.0 2.380 
Cooled to 
aa 4 108 0 352.4 0.000 
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Because the inductance of a coil is dependent on 
the number of turns and its dimensions, any observ- 
able difference in inductance due to heat is related 
to the changes in the dimensions of the coil. As shown 
in the accompanying box the observed and the cal- 
culated values of inductance due _ to 
changes of the coil show good agreement. 

Change measured in the permeability with tem- 
perature for cores molded from annealed electrolytic 
iron of —100 mesh is shown in Fig. 1. The cores were 
alternately heated and cooled three times. When the 
cores were finally cooled to 25 C the average permea- 
bility was approximately 0.3 per cent higher than the 
original reading at 25 C. Fig. 2 shows the data for 
cores molded from a sample of hydrogen-reduced iron 
powder; the test coil (coil B) was made of 49 turns 
of 0.0113 in. Formvar wire, and was % in. long. The 
difference in the effects of heat on this comparatively 
smaller coil can be readily observed. 

The effects of heat are also evident when the Q, 
or quality factor, of the coil or coil-and-core combina- 
tion is considered. The Q of the coil-and-core com- 
bination at 190 C had a calculated value of 51.6 as 
compared to an observed value of 55.0. The discrep- 
ancy between the observed and calculated values of 
Q is due to changes in the inductance of the coil at 
190 C, and to losses other than the d-c and a-c re- 
sistance not accounted for in the calculations. Fig. 3 
shows the percentage deviation of Q with tempera- 
ture for the electrolytic cores of Fig. 1. Note the sharp 
drop in Q above 170 C for cores using the electrolytic 
iron powder. Fig. 3 also represents similar data for 
sample cores of a carbonyl powder. It is evident that 
a substantial loss in Q may be encountered during hot 
summer weather. 

When the electrolytic cores were cooled to 25 C, 
the average Q was about 9 per cent higher than the 
original value at 25 C; the average Q of the cores 
made with the carbonyl powder was about 2 per cent 
lower than their original reading. 

Results of these tests may be summarized as follows: 


dimensional 
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1. In general, the inductance of iron powder cores 
is fairly stable over a wide range of temperatures 
(25 to 190 C). 

2. There are marked variations in the temperature 
characteristics of different types of powders. 

3. The permanent change in inductance is depend- 
ent on the length of time cores are subjected to heat. 

4. Repeated heat cycling follows very closely the 
effects established during the initial heat run. 
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5. The Q of the coil-and-core combination varies 
greatly with different powders; the maximum effects 
are exhibited at elevated temperatures. 

6. The permanent change in Q is dependent on 
the length of time cores are subjected to heat. 

7. The inductance and Q of large coils having many 
turns of wire are greatly affected by heat which must 
be given due consideration where close tolerances are 
required. OoOd0 
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Protecting Relay Contacts 


Against Arcing 


Selenium rectifiers, mounted either singly or back 


to back around the relay coil, prevent inductive voltages from 


reaching the arcing potential at the contacts. 


Howard N. Sachar 
Selenium-Intelin Department 


EDERAL TELEPHONE AND Rapio Co 


WHEN CONTACTS interrupt current 
they are usually subject to arcing re- 
gardless of the nature of the load. 
Arcing decreases contact life and may 
result in contact deterioration which 
can lead to mechanical locking or 
snagging. Inductive loads, in addition, 
produce r-f oscillations across the arc 
and high voltage line transients which 
may result in insulation breakdown. 

Closed contacts are deformed to 
some extent depending on contact 
material and pressure. As the contacts 
separate the deformation decreases, 
resulting in a smaller area of contact 
of higher current density. As the con- 
tacts continue to separate, the contact 
area decreases, the resistance and the 
temperature increases until the con- 
ducting path is exploded by the cur- 
rent. Under the influence of high 
fields a cold-point discharge may form 
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a metallic bridge between the con 
tacts that will again explode as the 
contacts are finally separated. In ad- 
dition to forming metallic arcs, break- 
ing an inductive load may produce a 
glow discharge across the contacts. 
Hence, each arc usually is a combina 
tion of a metallic arc and a glow dis 
charge. 

Fig. 1 shows an oscillograph trace 
of the voltage across a set of contacts 
breaking a 48-volt telephone relay. 
For the first two milliseconds of coil 
energization the contacts remain 
closed, followed by the steep rise in 
voltage the instant the contacts start 
to separate. Sparking begins at 300 
volts, when oscillations begin, and 
sparking continues as the contacts are 
separated (as shown by the upward 
sloping line). The sharp vertical rise 
occurs the instant the glow is extin- 
guished, peaking at about 500 volts, 
when sparking finally ceases due to 
the increased separation. Voltage 
decay is exponential. 
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Selenium rectifiers provide an ex- 
cellent means for protecting contacts, 
especially where inductive loads are 
encountered. They have the advan- 
tage of not needing to be critically 
matched to load and circuit im- 
pedances. Small tubular encased types 
are now available with axial leads 
for mounting directly across the load, 
such as a relay coil. 

In a d-c relay circuit, a selenium 
rectifier can be connected across the 
relay coil in the blocking direction, 
Fig. 2, hence draws no appreciable 
current. When the circuit energizing 
the relay is opened, the voltage polar- 
ity across the coil is reversed as in- 
dicated by the equation 


E L di/dt (1) 


where di/dt is the time rate of change 
of current during decay. With the 
circuit opened, the relay coil is 
shunted by the low forward im- 
pedance of the rectifier. This low im 
pedance across the coil eliminates 
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IG. 1—Oscillograph trace of 

voltage 


across an unprotected 


relay contact. 


TOP 
FIG. 3 — Oscillograph trace of 
voltage across relay contacts pro- 
tected by single selenium recti- 
fier. 
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FIG. 6—Oscillograph trace of 
voltage across a relay contact 
with selenium rectifiers mounted 
across the coil back to back. 
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voltage. 


FIG. 4—Resistance characteristic 


FIG. 2 (Left)—Relay contact protected by selenium rectifier blocking in- 
ductive kick of coil. FIG. 5 (Right)—Selenium rectifiers mounted back 
to back around relay coil to act as are suppressers. 





FIG. 7—Selenium rectifiers ceils assembled in back-to-back arrangement 
in a tubular unit with axial leads. Paper tubes range up to ™% in. diam. 





arcing by not allowing the voltage 
across the contacts to rise to the 
minimum arcing potential of 300 volts 
as shown in the oscillograph record, 
Fig. 3. 

When the circuit is opened the 
voltage at the contacts becomes: 


RL+r 
ay. —|—=—}t 
E=-L a, a(R trile ( L 


(2) 


where R,; coil resistance 


r = forward resistance of 
the rectifier 

L == inductance of the coil 

I = steady state current 


through the coil 
Maximum voltage occurs when the 
contacts open or when ft is zero. 


Emax == 1(R;, + 1) E + iv 19) 


The circuit time constant ¢ is de- 
fined as: 





L i 
t=- Rte loge 7 (4) 
From the above equations it is seen 
that for best spark suppression it is 
desirable to use a rectifier with as low 
a forward resistance as possible. On 
the other hand, decrease in rectifier 
forward resistance will result in a 
longer release time (equation 4). 
Since the rectifier conducts only 
when the circuit is interrupted, a suit- 
able derating factor may be applied 
in choosing the proper rectifier to 
use. The peak current through the 
rectifier cannot exceed the steady 
State direct current present in the 


FEBRUARY 1954 


solenoid. Therefore, the peak current 
rating (or approximately 10 times the 
average current rating) of the rectifier 
becomes the d-c current rating of the 
solenoid. In a circuit with a large 
number of second, 
however, the average current rating 
over a l-sec period becomes the gov- 
erning factor. 

The voltage rating of the rectifier 
need only be large enough to block 
the largest d-c potential encountered. 
Normal d-c rating of a single selenium 
rectifier cell is 22 volts. 


operations per 


Back-to-Back Rectifiers 


The ideal condition for spark sup- 
pression is one affording the best pro- 
tection to the contacts with the least 
effect upon the operation of the cir- 
cuit. If a single selenium rectifier 
with a very low forward impedance 
is used, the delay in release of the 
relay is extended, since the time con- 
stant of the inductive circuit is propor- 
tional to L/(R,, + 1). It was found, 
however, that placing of selenium 
rectifiers back to back gave a high 
degree of contact protection without 
materially increasing the delay in re- 
lease time of the relay. A comparison 
of the contact voltages and release 
times of the two methods of contact 
protection are given in the accom- 
panying table. 

The back impedance region of a 
selenium rectifier is plotted in Fig. 4. 
These measurements were made with 
8-millisec pulses and would not be 


obtained by d-c methods, since ex- 
cessive temperature rises would 
change the characteristics of the rec- 
tifier if the high reverse voltage is 
applied for a long enough time. 

The back-to-back rectifier is con- 
nected in the relay circuit as shown in 
Fig. 5. Cell bank A acts as the block- 
ers and cell bank B as the suppressors. 
When the contacts are opened, the A 
bank becomes a short circuit (see 
equation 1) and the B bank is con- 
nected as a high impedance. 

The rectifier back impedance is 
dependent upon the applied voltage 
as shown in Fig. 4, and the applied 
voltage in turn depends upon the rec- 
tifier impedance as indicated in equa- 
tion (3) where r is now the back im- 
pedance of the rectifier. With the 
combination of the two, the voltage 
across the contacts does not rise high 
enough to reach the arcing potential. 
As the voltage decays the rectifier 
impedance r increases, resulting in a 
much shorter time constant for the 
circuit than that with a_ half-wave 
rectifier. With the back-to-back rec- 
tifier connected across the load, the 
waveform across the contacts appears 
as in Fig. 6. 

Another advantage of the back-to- 
back rectifier arrangement is the 
smaller over-all size. The tubular unit 
shown in Fig. 7 is rated for 600 ma, 
30-volt service. The axial lead con- 
struction allows the back-to-back rec- 
tifier to be mounted directly across 


(Continued on page 330) 
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Calibrating Displacement of Shake Tables 


E. N. Kaufman 
Consulting Electronics Engineer 
Downey, Calif. 


IN MANY LABORATORIES the vibration 
table is used to test the effects of 
vibration on instruments and other 
component parts for airplanes, auto- 
mobiles, and other vehicles. In others 
it is used for the calibration of ac- 
celerometers and small transducers 
used in vibration measurement stud- 
ies. In either case the precise meas- 
urement of displacement and _ con- 
sequently the g force is important. 
The g force applied to many devices 
has been quoted to an accuracy of 1 
to 10 per cent. In actuality the g 









Crystal 
accelerometer 


E 6.3 volts a-c 


Typical cathode-follower circuit for coupling crystal accelerometer 


vacuum tube voltmeter. 


force applied will differ, however, by 
at least +30 per cent and will only 
be this accurate if careful measuring 
techniques have been used. 

At first glance accurate g force 
measurement seems simple. As an 
initial step in setting up procedures 
for shaking or calibrating instruments 
on an electronic speaker-type shaker, 
the various instruments available for 
velocity and displacement measure- 
ments were investigated. It was found 
that a leading instrument company 
specifies the accuracy of its vibration 
measuring equipment as +10-15 per 
cent over a limited frequency range; 
at some frequencies +-30-50 per cent. 


Another producer prefers to quote 


Output to vacuum 
tube voltmeter or 
oscilloscope 


+300 volts d-c 
(250-350) 


individual accuracy figures for the 
transducer and integrating amplifier. 
Again the total figures are approxi- 
mately the same. On the other hand, 
manufacturers of shake tables gener- 
ally make test equipment within % 
per cent accuracy. 

Shake table displacement is gen- 
erally measured by gluing a piece of 
fine emery paper (size 400) to the 
side of the table, and the metallic 
particles of emery are viewed with a 
high power (300 x) microscope, 
mounted in a holder attached to the 
base. A lamp of about 60 watts is 
shined on the emery paper. A few 
particles will reflect light like tiny 
mirrors. Using the microscope cross 
hairs for measurement, One of the 
particles with a diameter less than 
2 mils (0.002 in.) is selected for ob- 
servation of its excursion. When the 
shake table is operated the emery 
particle will reflect back a thin line of 
light. The amplitude of this light line 
(peak to peak) is measured and the 
emery spot size is subtracted, giving 
the actual displacement amplitude in 
mils. Displacement is translated into 
g by the expression g == 0.0511 Df? 
where D is the double amplitude 
(total excursion or peak to peak travel 
expressed as a decimal) and f is the 
frequency. 

This method of measuring displace- 
ment is limited, as at high frequencies 
the displacement approaches the 
emery particle size while at low fre- 
quencies the amplitude becomes so 
great that it is impossible to see the 
light line. A practical solution is to 
measure the displacement at one fre- 
quency, such as 100 eps. Thus a dis- 
placement of 0.032 in. (32 mils) ap- 
plies a force of 16g, and 0.004 in. of 
2¢. As the particule size is 0.002 in. 
it can be seen that some possibility of 
measurement error exists. 

In many cases the light line is not 
vertical and therefore the g force ap- 
plied is not vertical. Sometimes the 
light line forms a circle or figure 
eight. Any pattern of this sort indi- 
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cates that the shake table is not mov- 
ing up and down vertically and that 
the indicated g is incorrect. Other 
possible troubles are shake table flex- 
ure resonance. Although the manufac- 
turers generally state that 
resonance can be detuned with 
weights supplied by them, practical 
experience has shown this paiecuger 
to be either ineffectual or costly of 
time. Instead it is recommended that 
a piece of soft sponge rubber be 
taped to the flexures (full length). This 
has the effect of damping out the flex- 
ure’s resonance and minimizes the 
number of bad resonant points. 

Speaker-type shakers supplied elec- 
tronically should have the center of 
gravity of the equipment directly 
over the shaker coil. In most cases 
excessive time and cost in fabricating 
special shake table fixtures and_ in 
accurately determining the c-g of the 
part to be tested would be required 
to achieve this goal. Furthermore if 
wires or other attachments are _re- 
quired it becomes difficult to main- 
tain this balance. Dead weight bal- 
ancing provides a static balance only 
and the dynamic balance may be in 
serious error. A laboratory checking 
perhaps only a half dozen types of 
transducers over a period of a year or 
so will take the trouble and expense 
to accurately balance the test fixture, 
so that the center of gravity is over 
the center of the shake table arma 
ture. 

Other laboratories with many de- 
vices to test make up test fixtures and 
shake, neglecting ¢c-g balancing. Ne- 
glecting the center of gravity causes 


flexure 





Placement of three accelerometers on 


shake table. 


the shake table to shake sideways as 
well as vertically. Many instruments 
and transducers may prove satisfac- 
tory for vibration or shock in one 
plane and yet show large errors if 
shaken in another plane. Thus it is 
important that the table have pure 
vertical motion if the results are to 
be consistent. In this connection it is 
interesting to mount three crystal ac- 
celerometers on a shake table, one to 
measure vertical g force, one to meas- 
ure horizontal g force “front to back” 
and the third horizontal g force “left 
to right.” In most cases with an un- 
balanced load the table will move 
vertically with less than 5 per cent 
sideways shake. However at times the 
table may shake sideways (usually 
above 100 cps) 30 times greater than 
the vertical motion. 

It is necessary to use shake-table- 
mounted accelerometers as proof of 
just what the shake table is doing. 
Another reason for using crystal ac- 
celerometers is the fact that any se- 
lected output voltage, which indicates 
a g force, is independent of fre 


quency; thus a very simple chart of 
millivolts (indicated by a vacuum tube 
voltmeter) versus g force can be 
drawn. The calibration curve becomes 
a straight line with arithmetic co- 
ordinates. A cathode-follower ampli- 
fier must be used between the crystal 
accelerometer and any indicating de- 
vice. The cathode follower circuit il- 
lustrated gives linear response, with 
clean waveform, between 20 and 50,- 
000 cps. 

The vertical accelerometer should 
be mounted in the center of the shake 
table because on the smaller shake 
units the .g force may vary 30 per 
cent from one side of the table to the 
other, in the direction of the flexure 
arm. This means that any large unit 
being tested or calibrated will have a 
varying g force field applied. Another 
important factor is that g force is gen- 
erally based on sinusoidal motion of 
the shake table and any amplifier dis- 
tortion will contribute error. Below 
20-30 cps many shakers put out any- 
thing but a sine wave, but there is 
nothing in the literature concerning 
distortion versus g error. 

It seems to the writer that manu- 
facturers of shakers have failed to 
correctly rate their shakers for prac- 
tical usage. Thus many inexperienced 
engineers have bought shakers with 
about half the shaking power really 
required. The first shaker company 
to bring forth realistic data on the 
accuracy of shake, and a handbook of 
vibration techniques is going to ad- 
vance the vibration field by a big 
leap, as well as earn the gratitude of 
many perspiring engineers. Ood 


Some Selected Plastics Applications 


APPLICATIONS of special interest for 
silicone rubber and fluorocarbons are 
described here: 

Fig. 1—Requirements for extra- 
thin diaphragms that would be re- 
sponsive to minute changes in air 
pressure led to the application of 


FIG. | 


silicone rubber. 


Ordinary diaphragm 
materials, 


such as thin metals, 


natu- 
ral rubber, and butyl rubber were 
found unsatisfactory. In developing 
these silicone-rubber diaphragms, 


Westinghouse Electric material engi- 
neers also had to meet these addi- 


FIG. 2 


tional requirements: 

1. Room-temperature flexibility — of 
diaphragms has to be maintained 
at extremes of temperatures, —30 
C and +110 C. 

Diaphragm should be airtight, not 
absorb moisture, and should be 


9 


FIG. 3 
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able to withstand vibration and 

shock common to airborne appa- 

ratus. In addition, production mod- 
els of the diaphragm had to pos- 
sess a high degree of uniformity. 

Production processes are precise. 
Silicone rubber membranes as thin as 
0.005 in. can be molded to aluminum 
disks repetitively, and meet all stated 
requirements. 

Used already in airborne equip- 
ment and in power switchgear, the 
silicone rubber diaphragms have a 
wide field of potential applications. 

Fig. 2—Kel-F  trifluorochloroethy- 
lene is used for injection molding 
light, thin-section brush holders and 
insulating washers in miniature mo- 
tors for aircraft servos, gun cameras 
and other equipments that are re- 
quired to withstand shock loads in 


excess of 50 g. The Kel-F parts sus- 
tain vibration, shock loads and ther- 
mal cycling without becoming brittle, 
cracking or distorting. Zero water ab- 
sorption and other properties inherent 
in Kel-F provide excellent environ- 
mental proofing. Physical properties 
at temperatures from —320 F to 
+-390 F permit the parts to be made 
lighter and thinner than possible with 
other materials. 

These parts have been molded by 
the Norton Laboratories, Inc., Lock 
port, N. Y., for Globe Industries, Inc.., 
Dayton, Ohio. 

Fig. 3—Still another application for 
Kel-F is shown in this r-f coaxial 
switch rotor used in aircraft circuits. 
Switch is required to provide channel 
selection within %4 sec without signifi- 
cant attenuation or leakage of pulses. 


High dielectric strength is said to 
be maintained at all operating tem- 
peratures. Leakage is eliminated at 
even the rated maximum of 10,750 
me at continuous voltages up to 500 
volts rms. Insulation resistance re- 
mains high under saturation-humidity 
conditions since water absorption rate 
is nil. Dimensional stability of the 
material prevents shrinkage or swell 
ing, thereby eliminating the danger 
of jamming. 

Switch is remote-controlled type, 
and contains two channel contacts 
molded into the rotor. It is manufac- 
tured by Thompson Products, Inc., of 
Cleveland. Kel-F is produced by the 
Chemical Manufacturing Division of 
The M. W. Kellogg Company, Jersey 
City 3, N. I. oo0 


Analyzing Gases by Paramagnetism 


ONE OF THE BASIC APPROACHES in mat- 
erials analysis is to attempt to identify 
each constituent by means of a unique 
property. The Magno Therm Oxygen 
Recorder determines the oxygen con- 
tent of a gas mixture by taking ad- 


Connector to 
measuring circuit 


Measuring 
cell ~~ 
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vantage of its para magnetic property. 
Oxygen is attracted magnetically into 
i chamber having a heated electrode. 
The attendant cooling effect is a 
measure of the amount of oxygen 
passing through the chamber. 


_Comporison 
cell 


*s.__ Diffusion 
block 


..Gas possoge 
block 


The instrument, which is manutac- 
tured by The Hays Corporation 
Michigan City, Ind., consists of an 
analyzing section electrically con- 
nected to a remotely mounted record 
ing section. The analyzing assembly 





Fig. 3—Cabinet contains electronic amplifiers (top, 
right) and pen-drive mechanism at left. Range of 
instrument may be changed in the field for re- 
placing cam and calibrating box (at bottom right of 
hinged panel), which includes the fixed resistors. 


Fig. 1—Cross-sectional view of analyzer. Magnet at 
left is placed close to the measuring cells. 
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Fig. 1, includes a gas passage block, 
a gas diffusion block and a cell block. 
The cell block is constructed of non- 
magnetic metal with magnetic pole 
pieces inserted through opposite walls 
of the measuring cell. Similarly, non- 
magnetic pieces are inserted through 
opposite walls of the comparison cell. 
An alnico magnet bridging the meas- 
uring cell has its pole faces in line 


with the magnetic inserts. An elec- . 


trically heated resistor is mounted in 
the center of each of these cells with 
its lower end between the _ inserts. 
These heated resistors are connected 
with two fixed resistors in a bridge 
circuit, Fig. 2. 

In operation, a sample of the gas to 
be analyzed flows through the gas 
passage block. A portion of this sam- 
ple diffuses upward through the dif- 
fusion block to the lower portion of 
both the measuring and comparison 
cells. Without the magnetic field, the 
measuring and comparison cells are 
identical. Gas diffuses into both cells 
and cools the heated resistors equally. 
Because of the magnet, however, a 
strong magnetic field is established in 
the measuring cell only. The oxygen- 
bearing gas is attracted into the mag- 
netic field surrounding the heated re- 
sistors where it cools the resistor. In 
so doing, the oxygen loses its mag- 
netism rapidly in proportion to the 
square of its temperature rise. The 
heated demagnetized gas is moved 
out of the magnetic field and up- 
ward along the resistor by cooler, 
more magnetic oxygen-bearing gas 
from below. A continuous flow of the 
gas sample is thus magnetically in- 
duced, causing a flow rate and cool- 
ing effect in relation to the magnetism 
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of the gas 
cell. 

The cooling of both the measuring 
cell and comparison cell resistors re- 
duces their electrical resistance. To 
isolate and measure only the mag- 
netically induced resistance changes 


entering the measuring 


Design of Snap Switch for A-C 


Charles H. Hodgkins 
Advisory Engineer 


THe BryANt ELectric Co. 


SNAP SWITCH operating characteristics 
necessary for safety, good perform- 
ance, and long life on direct current 
are not the best for alternating cur- 
rent use. Direct current requires a 
switch that gives quick-break and 
considerable contact separation to 
properly rupture the arc; hence the 
existing snap-type switch uses a quick 
spring-actuated mechanism. The ideal 
design features of a switch for a-c 
interruption, on the other hand, are 
relatively slow break and limited con- 
tact separation. It is much less de- 
structive to allow an alternating cur- 
rent arc to extinguish itself when pass- 
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ing through current zero than ruptur- 
ing it with speed and distance. 

The Underwriters’ Laboratories, 
Inc., in collaboration with the wiring 
device manufacturers has recently es- 
tablished a standard covering the re- 
quirements for a general purpose a-c 
switch for use with alternating current 
only and thus has provided an en- 
tirely new approach to this control 
field. The new standard covers switch 
current ratings corresponding — to 
branch circuit ratings of 15, 20, and 
30 amp and voltage ratings up to 
and including 277 volts. 

A switch complying with the re- 
quirements of this standard is suitable 
for use with: 

(1) A tungsten filament lamp load 
up to the current rating at 120 volts. 


Fig. 2—Schematic diagram of elec- 
trical measuring circuits. Self-bal- 
ancing bridge principle assures ac- 
curacy and permanence of calibra- 
tion. 


taking place in the measuring cell, 
the change in resistance of the resistor 
in the comparison cell is subtracted 
from the change in resistance of 
the resistor in the measuring cell 
in the bridge circuit. The resultant 
resistance measurement is, therefore, 
due only to the oxygen content of 
the gas. The bridge is supplied with 
a regulated reduced voltage at points 
C and D. The unbalanced output of 
the bridge at points A and B is im- 
pressed on the input to the amplifier. 
The two calibrating resistors 2 and the 
balancing slide arm operated by the 
pen drive motor are connected across 
the bridge circuit at terminals D, C 
and B. 

Line voltage is impressed upon the 
voltage regulator and amplifier and 
on one winding of the pen drive 
motor. A change in the oxygen con- 
tent of the gas being analyzed causes 
an unbalance in the analyzer bridge 
circuit. This unbalance is amplified 
by the electronic amplifier and im- 
pressed on the pen drive motor wind- 
ing. The phase relation of the ampli- 
fied voltage to line voltage determines 
the direction of rotation of the motor. 
The resulting operation of the motor 
positions the slide wire contact until 
the bridge is balanced and the motor 
stops. The cam is also positioned by 
the motor and the pen which it oper- 
ates records on a chart the oxygen 
content of the sample. ooo 
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interrupter 
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ot 


Cut-away view of a-c only general 
purpose snap switch. 


(2) An inductive load (transformer, 
fluorescent lamp ballast, etc.) up to 
the rated current of the switch. 

(3) A motor load which draws a 
full-load current of not more than 80 
per cent of the current rating. 
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The new switch standard has per- 
mitted design features that are con- 
ducive to long life and increased per- 
formance. In the Bryant design pic- 
tured, these design objectives have 
been met: 

(1) Positive closure of the contacts 
on make to avoid a teasing or siz- 
zling contact condition; also to in- 
sure good performance on tungsten 
filament lamp loads where high ini- 
tial inrush currents are encountered. 

(2) Relatively slow separation of 
the contacts on break, with contact 
separation limited to 0.035 in. This 
is to avoid unnecessary attenuation of 
the arc, with its destructive effect, 
and permit the arc to extinguish itself 
by deionization of the space between 
the contacts when the current wave 
passes through zero. 

(3) Use of fine silver contact mate- 
rials to avoid oxidation and overheat- 
ing due to high voltage drop. 


(4) Positive handle indication when 
in the ON position. Contacts must 
be fully ON or fully OFF at any 
stable position of the handle. 

Quietness of operation has been 
achieved through limited snap action 
and selection of materials. The phos- 
phor-bronze lower contact arm is ac- 
tuated through a molded _ phenolic 
interrupter cam. Rocker assembly 
below make a unique use of neoprene 
for quiet operation. Housing is mold- 
ing made from a phenolic resin with 
a wood flour filler. The only percepti- 
ble noise in the switch operation is 
due to the impact of the switch con- 
tacts on closing, brought about by the 
desirability of having a positive con- 
tact closure. 

Rated at 15 amp, 277 volts, this 
switch has many advantages over the 
conventional 10-amp, 125-volt; 5-amp, 
250-volt general-use a-c/d-c switch. 
It has an increased rating of 50 per 


cent at 120 volts and 200 per cent at 
250 volts. And since the new switch 
is inherently good for inductive loads 
up to its rated capacity, it will handle 
three times the load at 120 volts and 
six times the load at 250 volts. 
This is because present general-use 
switches are restricted by the Na 
tional Electrical Code to 50 per cent 
of their ratings when used on induc- 
tive loads, whereas the new a-c 
switch is not so restricted and may be 
used up to its full rating. 

A rating of 277 volts makes the 
switch suitable for the control of fluor- 
escent lighting where the lamp oper- 
ates on 277 volts derived from a 480- 
volt, 3-phase, 4-wire system. The in- 
creased switch rating and the fact 
that it can be used up to its full rated 
capacity on this application gives it 
economic advantages since fewer 
switches will be needed for a given 
installation. Ooo 


Vacuum Impregnation of Capacitors 


IN CHANGING OVER to synthetic oil 
impregnation for its line of subminia- 
ture tubular paper capacitors, the 
Pyramid Electric Company, North 
Bergen, N. J., has applied vacuum- 
impregnation techniques. Synthetic 
oil was specified in place of chlori- 
nated wax or mineral oil so as to 
obtain operating temperatures up to 
125 C as against the limit of 85 C 
previously attainable. 

The vacuum-impregnation method 
is shown in the accompanying flow- 
chart, Fig. 1. 


Liquid level 
when flooded . 


4 


is 


(nce on 
(Cbs 


Return line’ 


/mpregnant 
storage tank 


1. Extremely thin aluminum foil 
alternated with a minimum of two 
layers of high-purity, high-density 
kraft paper are wound into a cylin- 
drical capacitor section, in various 
structures as may be required to meet 
capacitance and voltage ratings. 

Leads are firmly attached to each 
foil electrode; the capacitor section is 
inserted in its cylindrical metal case; 
and the open ends of the case are 
fitted with fused glass-to-metal end- 
seals. Outer ring of the end-seal is 
soldered to the case. Inner sleeve or 


Vacuum line 


Condenser | 


Receiver- 


Fig. 1—Flow-chart showing arrangement for vacuum impregnation 


of capacitors. 


P44 








after 


Fig. 2—Removing 
vacuum impregnation. 


capacitors 


eyelet, through which the lead passes, 
is left open. This provides an open- 
ing through which to evacuate the 
trapped air and moisture within the 
case and section, and to admit the 
impregnating material. 

2. The encased capacitors are 
loaded into metal baskets and placed 
in the vacuum impregnating cham- 
ber. Preheating is done at atmos- 
pheric pressure to allow rapid con- 
duction of heat from the steam-heated 
shelves of the chamber to the work. 

3. The impregnating chamber is 
then evacuated to a pressure of ap- 
proximately 100 microns. Because of 
the tight winding and the small open- 
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Improved New 


SILICONE\ 


YOU 1s: Silicone has been made more flexible. 
S : 


harp turns and 90° bends cause no cracking or 
peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 
during the past ten years. Unexcelled where high tempera- 
tures must be withstood for several hours — not just for 15 
minutes. You need not sacrifice abrasion resistance and 
toughness to get flexibility. The new Varglas Silicone sleev- 
ing and tubing will pass cold bend tests at 35° to 40° 
LOWER temperature than formerly. 


The only Class H insulation 
with all these features: 
Efficient from 500° F. to — 85° F. 
Moisture and Fungus Resistant 
Flame Resistant — Self extinguishing 
Abrasion Resistant 
Dielectrically Strong with average readings up to 7,000 
volts. 
Available in 10 colors — at no extra cost. 


of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient sample 
folder. Just drop us a line telling us your problem 
and its peculiarities. 


VARFLEX Sates Ge, Tuc. 


309 N. Jay St., Rome, N. Y. 








DESIGN TRENDS 





ing into the case at the eyelet, the 
vacuum has to be maintained for a 
relatively long period of time. Nor- 
mally, the paper used in the manu- 
facture of capacitors contains about 8 
per cent moisture by volume (be- 
tween 10 and 15 per cent by weight). 
For this reason the drying period must 
be extended. 

4. In the meantime, the synthetic 
oil impregnant has been heated and 
dried under vacuum in a_ separate 
reservoir. After the capacitors are 
thoroughly dried, the oil is trans- 
ferred from the reservoir into the im- 
pregnating tank. The impregnant then 
flows into the capacitors under vac- 


uum. Sight glasses on the door of the 
impregnating chamber enable the 
operator to see if sufficient oil has 
been transferred to completely sub- 
merge the capacitors. To insure thor- 
ough penetration of the oil into the 
fibers of the paper, this period is also 
extended. 

5. Dry air is admitted into the 
chamber to “break” the vacuum. The 
oil is then passed back from the 
chamber to the reservoir. The return 
line includes a filter that not only 
traps out particles of solid matter, 
but also chemically purifies the oil. 
The pure oil is then ready for use 
in the next cycle. The capacitors are 


left in the chamber in an atmosphere 
of dry air to cool for several hours. 
They are then ready for sealing and 
subsequent testing and processing 
(Fig. 2). 

Complete penetration of the oil is 
necessary to prevent breakdown of 
the dielectric under the stress of volt- 
age and to obtain the desired elec- 
trical properties (capacitance, power- 
factor, and insulation resistance) over 
the rated operating temperature 
range. 

Vacuum - impregnating equipment 
used by Pyramid is made by F. J. 
Stokes Machine Company, Philadel- 
phia. ood 


High-Impact Styrene Applications 


Robert Marx, Development Engineer 
ANCHOR PLaAstics COMPANY 


TWO DESIGN PROBLEMS solved _ by 
high-impact styrene extrusions are de- 
scribed here: 

1. Aircraft Storage Battery. Some 
aircraft batteries are required to be 
leakproof even if inverted. Another 
requirement, usually more difficult to 
meet, is to neutralize devel- 
oped during the charge-discharge 
cycle since corrosive gases cannot be 
tolerated around sensitive afrcraft 
equipment. 

An ingenious cell cover, designed 
by the Electric Storage Battery Co.., 


gases 


provided the solution to these prob- 
lems for their high-rate-of-discharge 
battery type K-1. The battery is a 12- 
volt, 6-cell unit rated at 540 amp 
for 3.75 min. The cell cover is a 
one-piece high-impact styrene injec- 
tion molding consisting of a top plate, 
a cylindrical extension containing two 
holes running along the length of the 
cylinder and a threaded recess for 
the removable screw ‘plug and rubber 
gasket. One of the cylinder holes 
serves as a water supply opening 
while the other, larger one, is used for 
hydrometer readings. The latter serves 
as the gas exhaust as well. 

A precision-extruded, small-diam- 


eter tube, supplied by Anchor Plastics 
Company, is cemented into a hole 
drilled in the wall of the cylinder. 
The free ends of each of these tubes 
are cemented into holes in a special 
manifold situated near the top of the 
cell block. Gas from all cells passes 
into this manifold and is carried into 
special neutralizing equipment. Con- 
struction is shown in Figs. 1 and 2. 

The high-impact styrene was se- 
lected for this application owing to 
its impact strength and corrosion re- 
sistance. (See table.) 

2. Antenna Spacers. The design 
problem was to maintain precise spac- 
ing, by use of a dielectric material, 


Fig. 1 (Left)—One-piece molded high-impact styrene cell cover for aircraft battery with integral cylin- 
drical extension for water supply, hydrometer readings and gas exhaust. Special extruded high-impact 
styrene tube is cemented in (see arrow) for carrying gases into neutralizing equipment. Fig. 2 (Right)— 
Drawing showing cover construction; cemented tube is shaded. (Electric Storage Battery Co.) 


146 





ELECTRICAL MANUFACTURING 


neers 


RES 


emer © 


eS APE ETT 


er - 







































LET SAFEGUARDS GO ON 
WITH THIS LONG LIFE 


~“ GUARDIAN 
“9 P.D.T. Switch 
Design vo» SAFETY 


Hit the button or throw a lever on the Guardian 
8 P. D. T. Switch and this overriding master unit 
instantly switches or disconnects 8 primary cir- 
cuits. Constant contact pressure (4 ounces per 
point) is maintained throughout the stroke until 
positive snap-action occurs in either direc- 
tion. No dead center. Contacts handle 5 amps, 
28 V. D.C. inductive—10 Amps, 115 V. A.C. 
non-inductive—60 to 400 cycles. Unit mounts 
on 114” x 11%” panel area to conserve space 
and decrease overall costs. Sand and dust 
type enclosure easily removed for inspection. 
Designers of processing machines seeking 
to improve multiple control of any machine 
or a battery of machines can increase the 
efficiency and safety factors with the 
Guardian 8 Pole Double Throw Switch. 
Built to exceed military specification 
ANS-63 applicable to this type switch 
to resist shock and vibration and to 
operate at —65° F. to +160° F. Easy 
to wire — easy to mount — compact — 
low cost. Available with auxiliary 
‘“‘push-to-test” $.P.D.T. circuit and 
dial light. 
Weight: 


approx. 8 oz. 8 Pole Double Throw 


Designed for Easy Multiple Wiring to Each Terminal. 


MICRO FINISH BEAR- 
ING CONSTRUCTION 
GIVES OPERATIONAL 
LIFE OF OVER 100,000. 


Stop carriers—release 
machine loads—stop ma- 
chines—reverse processing 
—resume operations. For 
efficient control of multiple 
machine operations use the 
Guardian 8 P.D.T. Switch. 
Shuts off boiler feeds—dumps 
fuel—starts extinguishers. J 4 


SNAP-ACTION BUTTON or LEVER 


GUARDIAN @ELECTRIC 


1627-B W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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of a pair of 0.125 in. diam aluminum 
wire 45 in. long. These wires con- 
stitute the stacking harness (connect- 


nF 





ing rod transformers) of Channel 
Master's “Champion” antenna. Spac- 
ing must be rigidly held against wind, 


“\ / > 
| 


Fig. 3—Arrow shows extruded high-impact styrene spacers in antenna stacking 
harness. Fig. 4—Complete antenna structure (Channel Master). 


Average Properties High-Impact Styrene 


Property 


1. Tensile strength, psi 
2. Impact strength, at 73 F, ft-lb/in. 
Izod notched 
Izod unnotched 
3. Dielectric constant at 10° cycles 
Dissipation factor, at 10° cycles 


5. Good resistance to dilute mineral acids. salts. 


water. 


ASTM 
Test Method 


Value 


1500 D638-—-49T 
9 | D256 
16 D256 
2.55 D150 
0 0007 D.50 


—— = 


alkalies. certain alcohols, and 


Note: Properties 1, 2, 3 and 4 apply to the antenna application while properties 


2 and 5 apply to the battery application. 





heat, cold and vibration, and also 
withstand rough handling during 
transportation. 


Since TV antennas are sold in a 
highly competitive market, great em- 
phasis had to be placed on low mate- 
rial cost and maximum ease of as- 
sembly. Speed in getting a new model 
into the market was still another con- 
sideration. It was particularly im- 
portant to “break” with this antenna 
at the opening of the fall selling sea- 
son, when demand rises to its highest 
level. 

The following alternative materials 
and methods were considered: 


a. Laminated Phenolic. This mate- 
rial is strong and weather resistant 
but is supplied in sheets which would 
have to be sawed into two sizes, 
grooved, drilled, and riveted together 
to clamp the wire. 

b. Special Molded Clamp-Spacers 
These would require a special 8-cav- 
ity mold, as well as an assembly oper- 
ation involving cementing or riveting. 
Besides, it would have taken at least 
3 weeks to build the necessary mold, 
and it was not possible to spare this 
amount of time. 

c. Extruded Polystyrene. Solution of 
the problem was achieved by using 
Anchor Plastics specially extruded 
0.340 in. diam cylindrical high-impact 
polystyrene. This was purchased al- 
ready cut to the two desired lengths. 
Assembly was accomplished in a sim- 
ple fixture. Copper blocks with silver 
contact inserts heated to 750 F are 
brought down, under pressure of two 
air cylinders, on top of the aluminum 
wires. Two plastics over-lapping lips 
are formed by the displaced poly- 
styrene and flow around and over the 
wire which is thus firmly imbedded. 

The fixture took only one week to 
build, and the product is rigid, rugged, 


electrically sound, and _ inexpensive. 
‘akan 


Equivalent Circuits of Transistors 


AN EXPERIMENTAL TEST SET devel- 
oped by engineers at the Naval Re- 
search Laboratory permits reasonably 


accurate determination of the low- 
frequency (below 10 kc) internal 
equivalent parameters of junction- 


type transistors. Constructed for use 
as a laboratory or as an engineering- 
design instrument, the new test set 
uses a commercially available audio 
generator, filter and output voltmeter, 
together with NRL-designed  ele- 
ments—preamplifier and its power 
supply, and transistor power supplies. 
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For the proper design of transistor 
circuits, it is essential that certain 
electrical characteristics of the tran- 
sistors be quantitatively known, For 
large-signal applications, such as 
switching circuits, static input and 
output current and voltage character- 
istics may provide sufficient informa- 
tion. In many other applications, how- 
ever, circuit design is greatly simpli- 
fied by the use of an equivalent 
transistor circuit, corresponding to 
that used for the more common three- 
element electron tube. 


One of the common equivalent cir- 
cuits for transistors is the so-called 
Y- or T-equivalent circuit. In_ this 
circuit, three resistances are of im- 
portance in circuit design: r,, r,, and 
r,. A fourth internal parameter, 
which is a ratio, is the so-called am- 
plification factor a. One additional 
parameter is the ratio of a/l — a. 
These five quantities are measured by 
the test set developed at NRL. 

Measurement of these parameters 
in the case of junction transistors 
poses a special problem which does 
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ADLAKE engineers don’t understand! 


Often, a problem that “‘can’t be solved” is merely 
one which hasn’t yet been brought to the right 
people. When such problems come in to ADLAKE 
relay engineers...problems requiring special relays 
for unusual installations...they promptly drop the 
“can’t’’. For, if there is no ADLAKE Relay to answer 
a specific need, one will be designed and manufac- 
tured to fill it. 


ADLAKE Mercury Relays have proved their ability 
to stand up under the most adverse conditions of 
temperature and moisture. Their time delay char- 
acteristics are fixed and non-adjustable...normal 
line voltage fluctuations or ambient temperatures 
from —38° to 200° F. have no material effect on 
these characteristics. 


Yes, in chick incubators or diesel locomotives... 
wherever sensititivy and dependability are re- 
quired...ADLAKE Relays can be counted on. Send 
for complete Relay catalog today...The Adams & 
Westlake Company, 1168 N. Michigan, Elkhart, 
Indiana. In Canada, write PowerLite Devices Ltd., 
of Toronto. 


EVERY ADLAKE RELAY IS TESTED 
—AND GUARANTEED 


—TO MEET SPECIFICATIONS! 





m= Adams & Westlake <o«r« 


Established 1857 *« ELKHART, INDIANA «+ New York « Chicago 
Manufacturers of ADLAKE Hermetically Sealed Mercury Relays 
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Type 1045 Quick-Acting Relay contact 
either normally open or normally closed. 
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not exist with the point-contact type. 
In the case of junction transistors, for 
example, r, may be as large as 10 


megohms or more. Thus it is imprac- 
tical to terminate the output with an 
essentially open circuit for a-c while 
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Experimental test set measures internal equivalent electrical characteristics of 
junction-type transistors with over-all accuracy of better than 5 per cent. 


supplying the necessary d-c bias, as 
may be done with the point-contact 
transistor. The junction _ transistor 
measurements therefore must be ar- 
ranged to avoid the need for this high 
output impedance condition. As a re- 
sult, the equivalent-circuit parameters 
can not all be read directly, and in 
some cases require simple calculations 
or conversions for voltage calibration 
curves, using the voltage values meas- 
ured in the test set with a sensitive 
vacuum-tube voltmeter system of 
fairly high impedance. In the test set 
developed at NRL, meter range 
switching is avoided for most of the 
parameters through the use of volt- 
age dividers connected in automat- 
ically by the function selector switch. 

Measurements can be made with 
this test set at values of emitter and 
collector d-c bias which are continually 
adjustable. The error of measurements 
made with the test set is less than 
5 per cent over the normal range of 
currently available values. O00 


Modernizing the National Electric Code 


E. J. Loeffler® 
WARNER & SwaseEy Co. 


ARTICLE 670 of the National Electric 
Code imposes specific requirements 
on the design of machine tools. The 
addition of this article, in effect, 
makes it obligatory for machine tool 
builders to comply with all applicable 
sections of the code. Having been 
originally prepared to cover building 
wiring only, some sections of the code 
that cause difficulty for equipment 
builders are in need of modification. 
The objective of such changes would 
be to make the code more realistic 
and more practical to apply to ma- 
chine tools without affecting the pri- 
mary intent of the code, which is 
fire safety. 

One of the principal shortcomings 


* Abstracted from ‘‘Today’s Machine Tools Need 
Modern Electrical Codes”, a paper presented by the 
author at the Sixth Annual AIEE Special Confer- 
ence on Machine Tools, Cleveland, Oct. 14-16, ]953. 





Table A—Wire Heat Factor 


(Based on Machine Tool Wire— 
30 C Ambient) 


| 
Wire Size (AWG 
Conductor | peas "7 
Amperes| 14 | 12/10 /2/0/ 3/0; 4/0 


of the code with regard to machine 
tool technology involves conduit fill 
and the current-carrying capacity of 
conductors. The factors to be con- 
sidered in drawing up regulations 
covering these elements of design are 
the maximum current permitted for a 
given size of conductor; the effects of 
ambient temperature on the current- 
carrying capacity of a conductor; the 
number of conductors in a group or 
cable; and the number of conductors 
which may be drawn into a conduit. 
Since the code refers primarily to 
building wiring, the worst conditions 
are always taken into account. Not 
knowing what ratings of electrical 
appliances may be used when a cir- 
cuit is installed, the NEC must con- 
sider that the conductors will at all 
times be loaded to their maximum 
capacity. Conductors are assumed to 
carry their full ampere capacity 
whether or not they actually carry 





Table B—Temperature and 
Wire-Grouping Correction Factor 


Ambient Temperature 


a deg C) 
No. Wires « 
In Group 30 , 35 | 40; 65 


70 | 75 


26-65 
66-150 
Over 151 
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any current at all. In the machine 
tool field a different situation exists 
in that the load that each conductor 
will carry is known since each ma- 
chine tool is generally engineered for 
a particular job. Provisions in the 
NEC should recognize that machine 
tools are so treated. 

One possible approach toward im- 
provement would be to substitute the 
accompanying tables for Tables 1, 2, 
4, 9 and 11 of the present code. Since 
this is merely a proposal, the time has 
not been taken to work out actual 
values for the tables. To use these 
tables in the determination of con- 
ductor size, the number of conductors 
in a given group or run must be 
established. After this, the ambient 
temperature likely to be encountered 
on that particular machine too] should 
be estimated. Knowing these, the de- 
signer can obtain from Table B the 
correction factor to reduce maximum 
conductor capacity as shown in Table 
A. The next step is to determine the 
current that each conductor of the 
particular run will actually be carry- 
ing. This is usually the steady state 
current of the conductor. If there is a 
varying or intermittent load, it will 
be necessary to compute the rms 
value of the current for each con- 
ductor. 

For each conductor, the heat factor 
for a given current can be found in 
Table A. The heat factors for the 


conductors in the group are totaled 
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By performing 16,440,705 operations in 
a recent endurarce test, Victor’s millionth 
adding machine reached an equivalent of 
over 12 years of service at 25,000 opera- 
tions per week without being repaired, 
adjusted or cleaned. Maintenance was 
limited to standard lubrication. And when 
the test ended, the Bodine Type VVF-12, 
1/50 HP motor powering the millionth 
Victor was still operating at top efficiency! 

After completion of the test, Victor’s 
Director of Engineering had this to say— 
“As an engineer, I can’t think of a more 
exacting performance test for a motor than to 
subject it to months of continuous use without 
servicing. However, even the wear and tear 
of 16,440,705 machine operations failed to 


break down the Bodine motor. Frankly, we 
were not surprised. From the beginning, 
some four years ago, we were impressed with 
its low temperature rise, its service free 
operation and its compact design.” 

Why not test a Bodine motor in your 
product, and prove to yourself that you 
are getting the most for your motor dollar ? 
You might find that you can reduce on- 
the-line rejections, improve product per- 
formance, reduce service calls and/or 
design a lighter, more compact unit. And 
Bodine offers you a wide variety of stand- 
ard motors—over 3500 in all types and 
ratings (1/2000 to 1/6 HP)—and 49 
years of small motor experience. For 
sound motor counsel, call Bodine today. 


Bodine Electric Company, 2256 W. Ohio Street, Chicago, Illinois 
REPRESENTATIVES IN PRINCIPAL CITIES. IN CANADA: RENOLD-COVENTRY, LTD. 


BODINE MOTORS 


THE POWER BEHIND THE LEADING PRODUCTS 
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16 MILLION 


TROUBLE-FREE OPERATIONS 


... this is the outstanding record of 
endurance achieved by a Victor Adding 
Machine powered by a Bodine Motor! 


Bodine 


FRACTIONAL 
HORSEPOWER 


MOTORS 
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and from this total the corresponding 
conduit size may then be determined 
from Table C. Under certain condi- 
tions, the total of the heat load may 
indicate a conduit size less than that 
which can physically accept the num- 
ber of conductors in the group. For 
this reason, Table D has been pre- 
pared to serve as a check on me- 
chanical conduit loading. The larger 








44 | 3411/14] 4) 414/5 | 6 








Table D—Maximum Conduit Fill 
Based on Mechanical Considerations 


Size |14/ 12 10|2/0 3/0/4/0 








Table E—Conductor Equivalents 


Size (AWG) 


No. 14 Equivalents 
14 1.0 





Listing of sizes not complete 








Packaged Brazing Rings 
Cut Production Costs 


IN THE BRAZING of mechanical ele- 
ments of its hermetic refrigerator 
compressors, Servel’s Electric Refrig- 
erator Division is speeding up pro- 
duction and eliminating waste from 
bent ends and tangling in brazing 
preforms through the use of copper 
brazing rings that come stacked on a 
cardboard tube or dowel rod as 
shown. This handy method of pack- 
aging the rings also gives visual in- 
ventory control, preventing shutdowns 
due to unexpected shortages. 
Freedom from burrs assures a close 
fit on the work and equal distribution 
of metal for uniform heat transfer 
in a controlled-atmosphere furnace. 
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of the conduit sizes obtained from 
Tables C and D is to be used. Some 
runs involve conductors of several 
sizes. In such cases, Table E, show- 
ing conductor equivalents referred to 
No. 14 wire would apply. Each con- 
ductor larger than No. 14 would be 
represented by its equivalent, and the 
total of the equivalents would be 
applied to Table D to determine the 
allowable conduit size. A precedent 
for including new tables in the NEC 
to suit a specific purpose has already 
been established in Par. 6112 refer- 
ring to conductors used on cranes 
and hoists. 

Bases for Tables. In Table A the 
wire heat factor is the wattage to be 
dissipated for each value of current 
in the particular conductor size. The 
maximum heat factor for a conductor 
is that wattage which would give the 
rated temperature rise for the insula- 
tion type. These values and the con- 
duit heat factor mentioned later are 
based on a conductor length of 1 ft., 
considered to be in the middle of an 
infinitely long section. Thus, all heat 
loss will be radial and no “end effect” 
need be computed. The data for 
Table A may be derived from facts 
already known about the various con- 
ductors and their insulations. Table 
A, if carried out in steps, of 1 amp, 
becomes too lengthy; therefore, it 
should be set up in current steps 
similar to Table 20 in the Code. 

Types T and TW wire, having 
thermoplastic insulation, were first 
recognized by the NEC in the 1947 
Edition. Based entirely on building 
practice, the limiting copper tempera- 
ture was set at 60 C, as for code 
grade type R wire. Reductions in the 
cost of type TW and improvements 


My 


Preformed rings are supplied by Alloy 


Ring Service, Inc., 1095 East 52nd 
St., Indianapolis 5. ooo 
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in type T compounds have made 
these two types so similar that type 
T is gradually disappearing. In the 
meantime many wire manufacturers 
have developed an 80-C “machine 
tool wire” which is listed by the 
Underwriter’s Laboratories and tested 
as appliance wire. The NEC does not 
yet recognize the 80 C conductor 
despite its wide use. 

Adequate specifications which do 
not now exist should be set up for 
machine ‘tool wire and designers al- 
lowed to operate these conductors at 
their rated temperature. This would 
effectively increase the maximum cur- 
rent-carrying capacity of the conduc- 
tors by perhaps 25 per cent, resulting 
in a cost reduction to the machine 
tool builder. Any increase in maxi- 
mum current should be given in 
Table A at its actual value, not 
rounded off to an even 5 amp as was 
done for the present code. Since most 
of the electrical apparatus used on 
machine tools is rated at 40 C am- 
bient it would be more consistent if 
machine tool wire were based on the 
same temperature rather than the 30 
C ambient given in the present code. 

Regarding Table B, the correction 
factors for ambient temperature for 
a single conductor are already in the 
code, but the heat-dissipating ability 
of a conductor buried in a group of 
conductors is different and no com- 
prehensive data now exist on which 
group correction factors can be based. 
A series of tests should be set up to 
recheck the code figures, and to go 
far beyond the code limit of 9-con- 
ductor groups. The product of the 
group and temperature factors would 
give the composite correction factors 
of Table B. 

The conduit heat factor of Table C 
represents the total wattage which 
can be dissipated through the con- 
duit wall while maintaining the max- 
imum allowed temperature rise on the 
insulation of the wire drawn through 
the conduit. Data are available from 
which this table could be completed 
in a short time. Table D would be 
set up in consideration of the factors 
affecting the ease of pulling conduc- 
tors into conduit. This should take 
into account the size of the conduit, 
size of wire, number of bends in the 
conduit system and_ perhaps the 
length of conduit runs normally en- 
countered in machine-tool design. It 
should definitely permit a greater fill 
than is now allowed since the code 
allows for the fact that future addi- 
tions of appliance circuits within a 
building will bring the conduit load- 
ing up closer to the physical maxi- 
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A NEW CONCEPT OF ACCURACY IN THE! 


DUCTION OF ALLOY STRIP 


--for all critical applications- 
electrical, electronic, instrumentation 


' 
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This new plant was designed and built for 
the production of alloy strip of the highest 
accuracy. It is equipped with the finest 
machinery available for the task. Send- 
zimir Mills assure FREEDOM FROM 
CROWN. Skilled operators, with years of 
experience, roll to close tolerances and 
produce finishes to highest STANDARDS. 


A group of experienced engineers is avail- 
able to select the correct alloy for your 
application. 


WILBUR B. DRIVER CO. 


NEWARK 4, NEW JERSEY 
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mum, and also recognizes the fact 
that later rewiring or additions will 
include conductors having new and 
thinner types of insulations. 

If present regulations admit that a 
rewired installation is safe with a 
greater fill than was allowed on the 
original installation, the obvious con- 


clusion is that a competently engi- 
neered job—on which no additions are 
likely to be made—would be safe with 
a greater initial conduit fill. Table D 
would be the easiest and least costly 
to establish. 

Table E, conductor equivalents, is 
simply a tabulation of the ratios be- 


tween the outside diameter of each 
size of conductor to that of a No. 14 
conductor. Although it is simple to 
figure this table, it may be necessary 
to provide some standards regarding 
insulated-conductor diameter to in- 
sure that all wires of the same speci- 
fication will he of the same diameter. 


Wire Thread Inserts for Textile Beams 


Fig. 1 (Left)—Lightweight magnesium aids in handling 
during repeated installation of these textile beams, but 
threaded mounting holes would not stand up under re- 


William H. Maxson, Application Engineer 
Textile Division, HAyes INpustrigs, INc. 


THE LARGE TEXTILE BEAMS used in 
warp-knitting plants, such as _ the 
Bridgewater, Va., plant of Celanese 
Corporation of America, are cast in 
magnesium to keep their weight to a 
minimum to aid in handling when 
they are mounted and removed from 
the knitters. However, threads tapped 
in the hubs of the magnesium beams 
did not withstand the wear of turning 
in and removing flange bolts used to 
mount the beams to their spindle in 
the machine. To correct this weakness 
in the magnesium we reinforce the 
tapped holes with helical wound, 


stainless steel wire thread inserts.* 
The inserts when threaded into the 
flanges virtually become an integral 
part of the beam, and have hardness 
and smoothness sufficient to with- 
stand the recurring wear. 


The beams we manufacture require 
six 4-13 inserts in each flange. We 
use a special fixture to drill and tap 
the holes in which the inserts are in- 
stalled. Drill size and the tap for the 
hole are selected according to the in- 
sert manufacturer’s specification. The 
inserts are turned into the prepared 
hole with a special inserting tool 


*See ‘Functions Performed by Thread Inserts,”’ 
in January 1954, page 120. 





peated bolting. Fig. 2 (Right)—Helical stainless wire thread 
inserts in the mounting holes eliminated wear caused by 
repeated bolting up. 


which prewinds the insert, reducing 
the OD temporarily for easy installa- 
tion. Once the inserts are installed 
they spring out against the threaded 
walls of the holes and lock in place. 
We are careful to turn each insert 
in far enough so that the exposed 
end of the wire is at least % turn 
below the top of the hole. This in- 
sures that the mouth of the hole will 
not be damaged if a bolt should be 
subject to severe tension when im- 
properly engaged in only a few coil 
threads of the insert. 

To-date we have used the insert 
in about 600 beams, all of which 
are in constant use. Threads in these 
holes are as good as new. ood 


Solderless Connections Simplify Heater 


R. W. Adenbaum, Ass’t Plant Manager 
Royat-APEXx ELECTRICAL Corp. 


L. S. Greer, Assoc. Dev. Engineer 
BurnpDy ENGINEERING CoMPANY, INC. 


By switcHInc to solderless connec- 
tions in the assembly of a Calrod 
heater unit a 5 per cent reject rate 
was cut to zero and a serious ob- 
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stacle to the setting up of an inte- 
grated production line was eliminated. 
In addition to these benefits, an ac- 
tual saving in the cost of the con- 
nection itself ran into thousands of 
dollars per year at the present rate of 
production. 

The main unit of the Fryer-Cooker, 
made by the Royal-Apex Electrical 


Corporation under the trade name of 
Broil-Quick, is an aluminum pot with 
a cast-in Calrod heating element. 
The heating element is controlled 
through an adjustable thermostat to 
obtain the different temperatures 
needed in the different kinds of 
cooking. 

The original method of joining the 
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Installing a dust seal gasket between the castings in the 
bevel gear and steering clutch compartment of a Cater- 
pillar track-type Tractor. 
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Probably tractors encounter more severe operating conditions 
than almost any other piece of mechanical equipment, and for 
that reason it is vitally important to keep dust, grit, and water 
out of operating parts, and oil and grease in. Felt seals are ideal 
for this purpose, and American is proud to supply felt for seal- 
ing to Caterpillar Tractor Co., Peoria, Illinois. In these days of 
expanding construction, you will see Caterpillar-built machin- 
ery everywhere. Felt is in many of them, unseen, helping pro- 
tect performance, reliability, and long life ... American makes 
various types of felt for sealing purposes, and supplies it as 
desired, including gaskets and washers cut to size. For infor- 
mation, write for Data Sheet No. 11, “Felt Seals, Their Design 
and Application.” 


American Felt 
Com Ly 


MARK 


GENERAL OFFICES: 16 GLENVILLE ROAD, GLENVILLE, CONN. 
SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, 
Philadelphia, St. Louis, Atlanta, Dallas, San Francisco, Los Angeles, Portland, 
Seattle, San Diego, Montreal.—PLANTS: Glenville, Conn.; Franklin, Mass.; New- 
burgh, N. Y.; Detroit, Mich.; Westerly, R. i.—-ENGINEERING AND RESEARCH 
LABORATORIES: Glenville, Conn. 
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Fig. 1—Flexible leads are attached to the heating element by means of a crimped ferrule. Lead and ferrule (left) are 
slipped over resistance wire (center) and crimped by means of a hand tool. 


Calrod stud to the wire was brazing 
since solder would melt at the tem- 
peratures reached in operation. The 
flexibility of stranded wire was 
needed for the connecting leads be- 
cause of the rather severe bending 
and flexing encountered in assem- 
bling the other parts of the unit. 


However, the brazing method of 
assembly forced the use of No. 14 
solid wire in order to permit the 
braze metal to take properly and to 
prevent burning or splaying the 
strands. 

Rejects resulting from this method 
came from two causes. During the 


final assembly, flexing would cause 
breakage of the wire at the braze. 
All other rejects were caused by either 
a “cold” braze or a lump of braze so 
large that it shorted the stud to the 
outer Calrod jacket. The total of 
these rejects averaged 5 per cent. This 


(Continued on page 328) 





Bibliography— 
Product Design Abroad 


The editors of ELECTRICAL MANUFACTUR- 

ING periodically bring to readers basic as- 

pects of pruduct design as it is practiced 

abroad. The subject falls into three cate- 
gories: (1) The special requirements that 

American manufacturers have to consider 

in designing products for the overseas 

markets; (2) the design trends as shown 
in products made abroad; and (3) specific 
developments in materials, components 
and techniques. The following b:bliog- 
raphy brings up-to-date the one originally 

published in December 1951, page 136. 

Washer for Compact Living, February 
1954, page 116. American and English 
designers comb‘ne efforts to develop a 
small clothes washer for European and 
export markets; emphasis on greater 
reliability and freedom from service, 
and adaptability to various line volt- 
ages and frequencies. 

Research Progress in Dielectrics—1953, 
January 1954, page 88. Appendix, In- 
ternational Viewpoints on Classifica- 
tion of Insulation, summarizes diver- 
gent positions on thermal classifications 
of insulating materials. 

British Developments in Embedded and 
Printed Circuits, May 1953, page 84. 
Current thinking and progress in the 
U.K., as summarized from official prog- 
ress reports. 

Product Design in Britain Today, March 
1953, page 120. Six case-histories, em- 
phasizing appearance styling in appli- 
ances and industrial equipment. 
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Progress Reported on International Stand- 
ards, December 1952, page 122. Sum- 
mary of results of 1952 meetings of 
the International Electrotechnical 
Commission. European posit’on on mo- 
tor insulation, ratings and frame sizes. 
(See NEMA Projects Sharp Cuts in In- 
tegral-HP Motor Sizes, same issue.) 

Ultrasonic Soldering Equipment, Decem- 
ber 1952, page 242. Design and oper- 
ating details of practical soldering gun 
developed in England that utilizes low- 
frequency ultrasonic generator and 
1000-watt transducer. 

Electronic Components in Great Britain, 
July 1952, page 118. Summary of work 
on resistors, rectifiers, capacitors, and 
relays under government sponsorship. 

Control Shows Flow, May 1952, page 
150. Short description of British-de- 
signed visual master control panel for 
grouped electric devices. 

Standardization Advances on the Inter- 
national Level, January 1952, page 
111. Report on the activities of the 
International Electrotechnical Com- 
mission at the 1951 meeting. 

Model Train Rheostat, December 1951, 
page 134. Brief description of novel 
British design employing spring-loaded 
plastics plate. 

Electronic Comparator, March 1951, page 
114. Design principles of a Swiss in- 
strument of extremely high precision. 
Line standards can be calibrated to 
an accuracy of 2 microinches. 

Design Ideas from Abroad, December 
1950, page 76. A survey report dis- 
closing wide diversity of electrically 
operated products being manufactured 


abroad and much ingenious design. 
Ten detailed case histories. 

Designs from Abroad, March 1949, page 
106. A pictorial presentation of several 
examples of European design: among 
them a_ portable sewing machine; 
watchmaker’s lathe; and_ laboratory 
X-ray machine. 

If You're Designing for Export Watch 
Your Motor Specifications, November 
1947, page 87. How to write motor 
specifications for equipment intended 
for overseas service where voltages 
and line frequencies vary widely. 

Export Opportunities Challenge Elec- 
trical Products Makers, March 1947, 
page 75. The economic facts of United 
States electrical exports and the world 
markets as prerequisites to establishing 
sound design criteria for export-in- 
tended products. 

Special Design Requirements Are Basic 
in Electrical Exports, April 1947, page 
81. Detailed analysis of foreign market 
requirements. Designs have to conform 
to special technical and engineering 
aspects, such as varying voltages and 
frequencies and local safety-code re- 
quirements; environmental conditions, 
such as effects of humidity; consumer 
preferences in appearance, and con- 
sumer use habits. Specific classes of 
equipment such as domestic appli- 
ances, electric motors and_ lighting 
equipment are analyzed. 

Design for Export, February 1947, page 
112. An earlier review of the subject 
stressing need for incorporating special 
design elements in products intended 
for use in foreign markets. 
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Double Float Switch 








Single Float Switch 


i ' 
Timer 


Typical examples of Soreng electrical components 


manufactured by the thousands for Whirlpool products. 





* PRODUCTS CORPORATION 


9551 Soreng Avenue, Schiller Park, Illinois * Plants: Schiller Park, Illinois 
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© Spring Valley, Illinois * Fremont, Ohio 
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NEW COMPONENTS 
AND MATERIALS 





CAM-OPERATED SWITCH FOR ADJUSTABLE SEQUENCE CONTROL 


Means for coordinating the angular 
position of a rotating shaft and the 
opening or closing of an electric cir- 
cuit are provided by the Rototimer. 


Device contains a cam-operated 


SPDT switch that can be externally 
adjusted so that the switch will oper- 
ate at any point in the rotation of 





the shaft to which the drive shaft is 
connected. Use of slip rings and 
brushes allow continuous adjustment 
through 360 deg in either direction 
from any starting position. Adjust- 
ment is made by means of a hand- 
wheel that operates a 25:1 worm 
gear. A scale showing the position 
of the operating point in degrees from 
a fixed reference point makes possi- 
ble accurate repeat settings. Operate 
point of switch can be adjusted while 
the machine is operating; once set, it 
is automatically held by the high pitch 
of the worm gear. The switching ele- 
ment consists of a set of automotive 
distributor points. These contacts are 
actuated by a steel cam each time the 
drive shaft makes one revolution. 


Cams are available for either normally 
open or normally closed circuits. 
Duration in which circuit is either 
open or closed can be adjusted by 
turning a screw; a locking screw fixes 
this setting. Device can handle 1 amp 
at 125 volts a-c. Contactor has ball 
bearings with sealed-in lubrication; 
means for lubricating the actuator 
cam; and a '%-in.-diam keyed drive 
shaft. Screw terminals and cable 
clamp are provided in the housing. 
Overall dimensions: 6%42 in. x 5% in. 
x 546 in. Farmer Electric Co., 21 
Mossfield Rd., Waban, Mass. 


FLAME-RESISTANT AND HIGH-TEMPERATURE ENAMEL COATINGS 


Heat-resistant, non-yellowing enamel, 
designated KEMCLAD HI-HEAT is 
one of two recently developed coat- 
ings for industrial use; the other is a 
flame-resistant enamel. HI-HEAT is a 
medium-cost coating designed for use 
on household appliances and other 
equipment. It is a modified silicone 
resin enamel that is said to retain its 
gloss and color under sustained tem- 
peratures up to 500 F. Other features 
include high impact resistance and 
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good adhesive qualities. In tests it 
has been successfully subjected to 
salt spray, hot grease, humidity, 
chemical and other tests. The mate- 
rial, formulated for spray application, 
is currently available in white. Fea- 
ture of the second enamel coating is 
that it will not ignite in its liquid 
state at ambient temperatures up to 
115 F; after application and drying 
the finish is said to become combusti- 
ble, but only to a limited degree. 


This finish is produced by the water 
emulsion process; to obtain the de- 
sired viscosity only water need be 
added. After application, it is no 
longer water-soluble. Designed for 
use on metals, the coating is hard, 
possesses good adhesive qualities and 
is resistant to oil film. Additional fea- 
ture is that industrial equipment 
coated with the enamel can be ma- 
chined or fabricated without damage 
to the finish. Formulated for either 
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ORANGE Ice 





This is the handsome Oasis Juice Dispenser 
made by Ebco Manufacturing Company 
of Columbus, Ohio. The clear, sparkling 
juice container, 12%6” x 13'V%e6” x 9” 
high, is molded of methyl methacrylate 
by Chicago Molded Products Corporation. 


PRODUCTS 
CORPORATION 


1024 North Kolmar Avenue 
Chicago 51, Illinois 





CUSTOM MOLDERS OF ALL 
CORBI CB C8898 _ 


ee 





4 sin , 
MOS LOE 4 , 7 4 Aff f 
& f 
GOO ab CAS ole St o 


Member, Committee on Large Plastics Moldings, SPI 
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WHY THEY CHOSE 
CHICAGO MOLDED ACRYLICS 


Eye appeal is buy appeal. That’s one good reason why molded methyl 
methacrylate makes the best container for fruit juice dispensers. This 
sparkling material is even clearer than glass . . . lets folks see exactly 
what they’re getting . . . all the tempting, refreshing goodness of real 
fruit juice. 

One of the important reasons for the unusual quality of this Ebco 
Dispenser Container is the fact that the finished piece is remarkably 
free from strain and internal stresses. This, of course, is essential for 


maximum clarity and durability and it is accomplished by Chicago 
Molded without costly annealing. 


Methyl methacrylate has many other advantages, too. It is not 
affected by fruit juices. And its smooth surfaces make it easy to clean. 
Molded in one piece, there are no seams or corners to catch and hold 
dangerous germs. Hence it’s ultra sanitary. 


Plenty of molders will tell you that methyl methacrylate is difficult 
to mold in large units. And it is difficult by conventional methods... 
but here at Chicago Molded we have developed special techniques, 
skills and equipment that make the job comparatively simple... and 
consistently successful. 


This is just another example of Chicago Molded leadership . . . the 
ability to mold all plastics materials . . . in any quantity .. . to tackle 
even the difficult assignments and come up with the right answer. 
We’ve been doing just that for more than 34 years. 


You'll find it a good idea to talk to a Chicago Molded engineer 
next time you’re considering a molded plastic part. He can be mighty 
helpful . . . and there’s no obligation. Just write, wire or phone. You'll 
get prompt attention. 
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cy 
FLOWER 


BRUSH HOLDERS 


e MORE THAN 1,000 TYPES AVAILABLE 


e INDIVIDUALLY DESIGNED FOR SPE- 
CIAL APPLICATIONS 


SPECIAL 
TANDEM 


GANG BRUSH HOLDER 


YOUR FLOWER BRUSH HOLDERS 
OFFER THESE SPECIAL FEATURES 


EXACT: engineered to your speci- 
fications for a rigidly constructed, 
long wearing BRUSH HOLDER. 


ACCURATE: engineered to your 
needs for the accurate dimensions 
of the box interiors to persist for 
long periods of time. 


RIGHT: engineered from design to 
manufacture for the special type 
of BRUSH HOLDER your speci- 
fications require. 


CHECK FLOWER PRECISION 
ENGINEERED BRUSH HOLDERS NOW! 


WRITE FOR CATALOG 4M 


Wa Mate) cme ee 


1217 Spring Garden Street, Phila. 23, Penna. 
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dip or spray application, the coating 
is available in black. The Sherwin- 
Williams Co., 101 Prospect Ave., 
N. W., Cleveland, Ohio. 


ircle No. 2, Reader Inquiry Facility, page 241 


RERATED MOTORS 


Line of squirrel-cage induction mo- 
tors, including protected and_ en- 
closed types, is being built to con- 
form to new NEMA frame dimen- 
sions. First of the new motors to 
appear will be built with 1, 1% and 
2 hp ratings, in frame sizes 182 and 
184. Balance of the line, up to and 


including 30 hp, will be introduced 
at regular intervals during 1954 and 
the early part of 1955. Open motors 
will be protected; new totally en- 
closed fan-cooled types are being 
built to operate under adverse at- 
mospheric conditions and in any 
mounting position. Reliance Electric 
& Engineering Co., 1088 Ivanhoe 
Rd., Cleveland 10, Ohio. 


Circle No. 3, Reader !r f page 24] 


MINIATURE PENTODE FOR 
“ON-OFF” CONTROL SERVICE 


Type 6197 is a 9-pin miniature sharp 
cut off power pentode having high 
transconductance (11,000 micromhos), 
It is designed especially for fre- 


quency-divider and pulse amplifier 
circuits in electronic computers and 
other “on-off” control applications in- 
volving long periods of operation 
under cutoff conditions. In such con- 
trol service, the 6197 maintains its 
emission capabilities even after long 
periods of operation under cutoff con- 
ditions, and will supply a high mini- 
mum value of plate current during its 
“on” cycles. Consistency of cutoff 
bias is maintained because of its stable 
cutoff characteristic, as well as_ its 
freedom from grid-No. 1 emission, 

Design utilizes radiating fins on 
grid No. 2 to increase its dissipation 
capabilities and a getter shield to 
minimize interelectrode leakage. Sep- 
arate base-pin connections are _pro- 
vided for grid No. 3 and cathode. In 
an “on-off” control and computer 
service the tube has the following 
maximum ratings (absolute values): 
plate voltage, 300 volts max; plate 
dissipation, 7.5 volts max; grid No, 1 
(control grid), —50 volts max; and 
cathode current, 50 ma max. Maxi- 
mum overall length of the tube is 25 
in.; maximum seated length, 2% in. 
Radio Corp. of America, Harrison, 
N. J. 


Circle No. 4, Reader 


Inquiry Facility, page 241] 
LIMIT SWITCH 
Features of heavy-duty switch include 


a trigger-type mechanism providing 
fast break, vibration-resistant construc 


im), 


SNAP - ACTION 
PART NO. L100 - ee 
600 VOLTS MAX 

napa oa 


tion, and a life of up to 25,000,000 
actuations. It has a repetitive accuracy 
within 0.03 deg. Solid silver contact 
bars, weighing 0.1 oz., are carried in 
a balanced rotor, and are locked in 
each closed position under a_ spring 
pressure of 10 oz. Operating pressure 
is 45 in.-oz without return spring and 
185 in.-oz with return spring and full 
overtravel. As a result of its design 
the switch, without use of overtravel, 
is said to have repeatedly passed 25,- 
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TYPICAL Q CURVES 


MQA TYPES 


Inductance *DC Max. 


mhy. 250 
mhy. 200 
mhy. 150 
mhy. 125 
mhy. 


Type No. 


“This value of D.C. (MA) will drop the 

coil inductance 5%. Values of D.C. 

below this will show proportionately 

a ase oe drop. For ex- 
’ s w 

with 13.5 MA. eee 











MQB TYPES 
Type No. Inductance *DC Max. 
MQB-1 mhy. 400 


MQB-2 ; 250 
MQB-3 


MQB-12 


150 VARICK STREET 





MQE TYPES 


Inductance *DC Max. 


oe 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, 


ne 


baena.t 


Height 
GT FE ccecictens 1.5 02. 


aR Pie fen 


CABLES: ‘“ARLAB" 

















When you need a special-purpose 
gadget or component of electrical 
or electro-mechanical nature, THINK 
OF RAM. 
Designing 
Engineering 
Testing 
Manufacturing 


e@ Prime contractors to U.S. Air 
Force and Navy 


e Sub-contractors to aircraft and 
other manufacturers 


Ask for Brochure K54 


RAM, x. 


Founded 1936 





1104 Hilton Road 
Ferndale 
DETROIT 20, MICHIGAN 


162 





000,000 actuations. With 20 deg over- 
travel, operating at 182 times a min, 
actuations exceeded 20,000,000. Series 
L100 is normally assembled for lever 
operation in one direction, with spring 
return, but it can be arranged to op- 
erate in the opposite direction, or for 
maintained contact in either direction. 
Lever moves 10 deg to trip, with 25- 
deg useable overtravel on either side 
of operating range. Wiring terminals 
for switch are enclosed in a compart- 
ment separated from all moving parts. 
Its aluminum housing is provided with 
oil-resistant gaskets meeting ASTM 
specifications SC-620-ABEFFZ, and 
has three optional mountings. Con- 
tact bars can be removed from the 
front of the switch in less than 5 sec; 
being of solid silver, they can be re- 
versed and reinserted for double life. 
Overall dimensions: 2% x 1% x 5% in. 
(approx). R. B. Denison Mfg. Co., 
4220 Hough Ave., Cleveland 3, Ohio. 


No. 5, Reader Inquiry Facility, page 241 


TAPE RESISTORS 


Tape resistors for printed-circuit ap- 
plications are available either in cured 
form, or as uncut, uncured tape rolls. 
Both types have a resistance range of 
100 ohms to 10 megohms and con- 
form to requirements of JAN-R-11. 
Characteristics of the cured, ready-to- 
use resistor are: power rating, % watt 
at 150 C; resistance tolerance, +10 





per cent; operating temperature range 
—55 to 200 C; humidity, 95 per cent 
at 40 C for 250 hr; temperature 
coefficient, within requirements of 
JAN-R-11. Minimum shelf life is 18 
months. Load life is 500 hr min (% 
watt at 150 C). Its dimensions are: 
' in. long, % in. wide, and Yoo in. 


thick. Sanders Associates, Inc., 137 
Canal St., Nashua, N. H. 
; No. 6, Reader Inquiry Fa ge 2 


LOOM SWITCH 


Designed for single or multiple shut- 
tle textile looms, Type LM is a size 
0, across-the-line, manual starting 
switch. It is housed in a_lint-proof 
enclosure of heavy gage, formed steel. 
One feature is its statically balanced, 
rotary type mechanism, which consists 


of two units, the main contacts and 
the overload tripping device. All ab- 
normal overloads are interrupted by 
the overload tripping device, which 
utilizes knife blade contacts and thus 
reduces possibility of contact welding 
under short circuits. Reset lever of 
the overload reset mechanism is lo- 
cated within the lockable enclosure, 
limiting access to it as a safety pre- 
caution. To prevent unscheduled re- 
starting, the stop button must first be 
pushed before the switch can be 


reset. A reset test button is provided 
to give additional assurance that the 
overload relays are properly opera- 
entire 


tive. The switch mechanism 





can be completely removed or re- 
placed without disturbing the wiring. 
Other features include: a self-locking 
cover latch, pushbutton operation, 
and solderless lugs on all terminals. 
Industrial Control Div., The Arrow- 
Hart & Hegeman Electric Co., 103 
Hawthorn St., Hartford 6, Conn. 

Circle No. 7, Reader Inquiry Facility, page 241 


SHADED POLE MOTOR 


Available in 5 stacking lengths, 
shaded pole motor is designated 
Model 2800. Two models are avail- 
able: a pancake-style, Model 2800 S, 
which has two drawn hardened steel 
housings that telescope over the 
stator, and a completely housed 
motor, Model 2800 D, which has a 
three-piece zinc die-cast housing. 
Both models can be supplied with 





construction. 


closed 
Model 2800 S has porous bronze self- 
aligning sleeve bearings with a large 
oil reservoir; the other type is avail- 


either open or 
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POWER RECTIFIERS 
Widest range in the Industry 
Power Factor 95% 
Ratings to 250 KW 
Efficiency to 87 % 
Write for 


HIGH VOLTAGE a MINIATURE 
RECTIFIER RECTIFIERS 
CARTRIDGE TYPE Half-wave, Full wave and 


: =e a Voltage Doubler Units. 
Case Diameter: From 1/4” to 11/5 Input Ratings from 25 te 
195 volts AC. 

DC Output Current from 
65 ma to 1200 ma. 


Write for Bulletin ER-178 















EL SEGUNDO 
CALIFORNIA 


Length: From 1/2” to 12”. 
Current, Half-wave: 1.5 ma to 60 ma. 
Voltage, DC Output: 20 volts to 
200,000 volts. 


Write for Bulletin H-1 


C oO g ° oO & A T I oe 
General Offices: 1521 E. Grand Ave., El Segundo, Calif. « Phone: ORegon 8-6281 


Chicago Branch Office: 205 West Wacker Drive © Phone: Franklin 2-3889 
New York Branch Office: 501 Madison Avenue @® Phone: Plaza 5-8665 
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Series D Cannon Plugs satisfy a long — capacity 5 amps 
need of the Electronics Industry fora sturdy, Minimum flashover, 1000 volts rms “3g: 
versatile and extremely compact connector tective steel shells provide an integral mo 
| $e" P miniaturized equipment of all ing flange. The ‘‘keystone’’ shape of the 
kinds. These may be mounted as (1) rack shells gives positive polarization with friction 
and panel (2) box (3) wall, or (4) cord con- type engagement. 
nectors. Junction shells with integral clamps 
protect the terminal ends of the connector 
when used as cord or wall mounted units. 
Contacts are of the quality you expect to 
find in any Cannon Plug. Machined from 
copper base alloy, gold plated, they accom- 
modate #20 or #22 AWG stranded wire. Rated 





Cannon DA Plug and receptacle 
with junction shells. 
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t= g? @’| AN plug ond receptacle having } 
oe oe #16 — ordi ae 

g es ing of space ovts support 
Es So °s|| bo eee unit is 1%”. The saving inside 
fe od ae 5/32”. Aside view of the DA woul 
Om make the comparison even 


, CANNON startling. 


Sita 


SINCE 1915. Factories in Los Angeles, Toronto, New Haven, 


Benton Harbor. Representatives in principal cities. Address 
e L E TR j ¢C inquiries to Cannon Electric Company, Dept. 500 P.O. 
Box 75, Lincoln Heights Station, Los Angeles 31, California. 
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| able with either sleeve or 
















grease- 
sealed precision ball bearings. Mode] 
2800 S is designed for face-mount- 
ing; 2800 D can either be face- 
mounted or mounted on base pads 


; | cast into center barrel. Model 2800 D 


is available with 10 different gear 
units; it can also be supplied with 
an internal fan. Applications of the 


|| motors include fan duty, use in busi- 


ness machines, vending machines, 
tape recorders and other devices, 


| They can be obtained with ratings of 


0, Yo, and %o hp and in stacking 


lengths of 34, 1%, and 1% in., re- 
spectively. Other characteristics are: 
starting torque, from 4 in.-oz to 10 
in.-oz, efficiency from 20 to 24 per 


= | cent. Motors require a 115-volt power 
*4| supply. Speed with no load is 1725 
| rpm. Ratings are the maximum for 


continuous duty with air drawn over 
the standard motor. Also available are 
motors with stacking lengths of 5% and 
1 in., with ratings of “400 and %o hp. 
Howard Industries, Inc., 1760 State 
St., Racine, Wis. 

No. 8, Reé r ry ity, page 24] 


IMPROVED SCREW POINTS 


Set screws and cap screws are now 
available with improved types of 
points. The smaller cup point devel- 
oped for set screws, called the Allen- 
point, will replace ASA cup-point set 
screws in manufacturer's standard 
line. Improved performance resulting 
from this design was demonstrated 
when new point was tested compara- 
tively with standard cup-point set 
screws and screws with angled and 
serrated points by the United States 
Testing Laboratory. Set screw is avail- 
ible in Allenoy and stainless steel, 
with either NC or NF threads, Also 
available is a new unthreaded leader 
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ae eT: 


is to Product 
Improvement & Lower Consumer Prices... 


Once again fore- 
casters and economists 
tellus that supply ex- 
| Sa | ceeds demand and only the 
| PN a alert and efficient will sur- 
oF | pes Lue vive the “acid test” of the new 


ene eee eg m 5 Buyers’ Market. 


THE TREND, therefore, is to 
product improvement and low- 
Pater er consumer prices — and ex- 
oe en perienced NICE field men and 
factory engineers can help 
ulitie- uni Geneon tem you accomplish these impor- 
bined in +6939 as a typical tant objectives. 
example of NICE experience 
and ingenuity as “Specialists in 
Specials.’ The outer tire and dust 
shield are of corrosion-resistant 
stainless steel. A felt seal retains 
lubricant and excludes foreign mate- 
rial and a grease fitting is provided for 
re-lubrication. Attachment is by means of the 
threaded stud. 


NICE is tooled to produce more than 2000 . 

“specials,” and more than 750 sizes and types eee ELL 
of 25 different catalog standard Series are nor- mitt . EB mse gee 
mally available from stock. Series 1600 (pre- x 

cision) and Series 3000 (unground) are illustrated. 

They are of the same “precision type” construc- 

tion and are available shielded, sealed or open. 


For complete information on the NICE LINE 
oe e+ + © © « Write for Catalog No. 150. 


VU 


NICE BALL BEARING COMPANY 
p 


NICETOWN -PHILADELPHIA: PENNSYLVANIA 
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ne uh | point developed for manufacturer’s 
- 


a a standard line of cap screws. It is de- 
—_ ‘ 3] > Ee. e) «6 iniurv . 

e ° ‘. ean iemietAcended oe 

F 5 WwW if x ads ¢ amage to threaded holes, 

amous e a3 * | Other advantage: improved line-up, 

\ | particularly in inaccessible spots, 


Home Power Shop % | Allen Manufacturing Co., 133 Shel- 


don St., Hartford, Conn. 


relies on Sterling Relays \ |“ "?**~™ 


\ 


3-WAY SOLENOID VALVES 


Special Bulletin 8300 solenoid valves 
are constructed with either steel or 
stainless stee] bodies and are designed 
to handle a wide variety of gases 
and liquids usually corrosive to 
bronze, brass and cast iron. When 





* for resistance to 
vibration + fast operation 
* low loss while on 

the line + small size 

* rugged construction * low cost | 


* years of trouble-free service 


Dependable De Walt power tools need rugged, dependable 
components. So it’s little wonder that Sterling Relays are 
built into De Walt equipment. De Walt, like hundreds of other | 
manufacturers, has found you can’t beat Sterling quality or | 
service for standard and specialized work. Sterling experi- 
ence and AMF engineering know-how give you a product to 
meet your most rigid specifications. 


General Specifications, Sterling MS Relay 


* Cut-out, operate, 125 V.A.C., Nominal 120-130 V. + Cut-back, drop out, 
60 V.A.C., Nominal 50-70 V. - Wide, adjustable differential + Large high- 
pressure silver contact, *3'' diam. - Overall size, 2's’’ x 2’’ x 3° diam. 


* Weight, app. 4 oz. * Mounting, 2 or 4 *6-32 tapped holes - Operates in 
any position 


Whotever YOUR relay requirement, you'll be glad you checked 
with Sterling. Write Sterling Engineering Co., Laconia, N H 
STERLING ENGINEERING CO 
54 Mill St., Laconia, N.H 





| equipped with high temperature coils, 
| these valves will also handle gases to 
| | 450 F. Packless construction is used. 
| | Values also feature direct solenoid 
| 





Please send your 28-page Sterling Relay catalog to 


POSITION é‘ ao 
~ ri a force- n 
They’re relays YOU can rely on! operation through i force multiplying 
FIRM ee a . | lever. Applications include use for 
AMF Products are better... by design pilot control of diaphragms and for 
AMERICAN MACHINE & FouNDRyY COMPANY ee ene Gai Sa Gets ete i ae applying and exhausting pressure 
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MERE $7: 


What Armstrong materials meet 
SAE-ASTM gasket specifications ? 





FREE FOR YOUR FILES 


When you want to know what gasket materials 
meet SAE-ASTM specifications, or have questions 
on gasket design, you can find helpful data in the 
* . * Oe. “sae? aoe ia SRR” 
17 helpful sections, including: 24-page booklet, “Armstrong’s Gasket Materials. 


Newly revised for 1954, Armstrong’s manual con- 





: Desianina fl f ffici i tains information vital to anyone concerned with 
® Designing flanges for efficient sealing gaskets or their design . . . includes details on the 
& Sealing with confined resilient gaskets various types of gasket materials as well as im- 
portant suggestions on gasket, flange and joint 
@ Designing gaskets to reduce costs design. See it in Sweet's Ca) 
, . product design file. For your Is 
| @ Effect of gasket width on compression ssaaiiead’ cco: send aan 
@ Relation of gasket thickness to load pon below. ‘ 
a 
@ Design problems peculiar to rubber gaskets 
® Effect of surface conditions on gaskets 
% : Armstrong Cork Co., Industrial Div., 
7102 Ingersol Street, Lancaster, Penna. 
A 2 pA ST RO N G 9 Ss Please send me your new 24-page gasket manual. 
Is Name as 7 
: GASKET MATERIALS: “””” 
d. | 
id Address 
ng __ Position - 
or 
or ; 
re 
‘G | FEBRUARY 1954 
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to keep work revolving 


at correct speeds 


on Reed Turning Rolls 





Rotating tanks, cylinders and pipes weighing up to 2000 Ibs. for welding, 
painting or flame cutting, this Turning Roll, manufactured by Reed 
Engineering Company, is quickly adjustable to handle any diameter from 
3” to 6’ and any length from 12” to 12’. 


Powered by a 2 hp, 3-phase motor, a reversible Winsmith Worm Gear 
Speed Reducer, in conjunction with a variable speed drive, provides the 
uniform rotation needed here. Correct turning speeds are assured! 

On the basis of ruggedness, compactness and freedom from mainte- 
nance, Winsmith Speed Reducers are rated first by first-rating producers 
of numerous types of equipment. 


To fit your speed reduction requirements within the 1/100 to 85 hp 
range, in ratios of 1.1:1 to 50,000:1, the Winsmith line of fully standard- 
ized worm, helical and differential designs is most complete. For details, 
request Catalog 148. 


WINSMITH, INC. 


18 Eaton St. 
Springville (Erie County), N. Y. 


qrete 


y °e 
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from single or double-acting cylin- 
ders. Valves are also used for direct 
control. They are factory-set for de- 
sired flow conditions. Specifications 
include: pipe size, 1 in.; port orifices 
(5), % to % in. Maximum pressure, 
1000 psi. Valves are ordinarily sup- 
plied with NEMA Type 1 pressed 
steel solenoid enclosures, but can also 
be obtained with water-tight and ex- 
plosion-proof solenoid — enclosures. 
Automatic Switch Co., 393 Lakeside 
Ave., Orange, N. J. 


rcle No. 10, Reader Inquiry Facility, page 24) 


AIR VALVE 


All-metal construction and flexibility 
are characteristics of valve, with in- 
tegral exhaust, designed for use in 
pneumatically operated equipment. 
The lever which opens and _ closes 
the valve, designated the Wobble- 
Rod, is a hardened rod so swivelled 
that the free end can move vertically, 
laterally, diagonally or in arcs and 
circles. The internal exhaust valve will 
automatically discharge an air cylin- 
der, line or receiver when the valve 
closes; it is also possible to hold 
air-line pressures after the valve 
operation. The Wobble-Rod also has 
a check valve (ahead of the ball-and- 
seat) to prevent backsurge. Design 
of body casting permits two valves 





to be assembled into one unit; three- 
way, four-way, tandem, or synchro- 
nized operations are possible. 
Wobble-Rod is constructed of 
bronze, brass and stainless steel. Mat- 
ing parts are designed to seal without 
gaskets or packing, and are threaded 
together without bolts or flanges. Dis- 
similar metals are used at all friction 
points to prevent galling and reduce 
operating forces; and compression 
springs are used to insure safe opera- 
tion. Flexibility in mounting is pro- 
vided by: right and left hand outlets 
(% in. IPS); a double-ended inlet 
(% in. IPS) which can be rotated and 
clamped through 360 deg; and a 
drilled and tapped flange for panel- 
or bracket-mounting. Valve will oper- 
ate in any position and can be used 


ELECTRICAL MANUFACTURING 


aren eee 


SET SNE 





Camenr 
FOR METAL PARTS REQUIRING METTLE 


The mettle of Cold-Flow parts and fasteners has also been 
proved by the rigid demands of the automotive industry . . . proved — 
in strength, in surface hardness and finish, 


And versatile Camcar Cold-Flow has proved its mettle in all metals i 
- + in all industries. It forms intricate shapes — impractical egos 
i ue eee ts cass, aluminu 
and many others . . . in quantities to match automotive oS eee 


Send requirements, specs and available samples. Or, ask = 
ee Soe Be eee 









Camcan COLD-FL.)W 


AMCAR screw & MFG. CorRP. 
Rockford, Illinois 
Telephone 5-9451 « Teletype RK-8653 
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Cross-sectional views and di- 
mensions as shown on 
clutch page provide helpful in- 


formation in 
of the proper 


Name 
Company 
Street Address 


City 
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New help in solving 


Q 


This new Stearns magnetic brake and clutch Bulletin 
226-C provides a ready reference for figuring the right 
transmission equipment for your machines. Free for the 
asking, it’s packed with facts, figures and diagrams on 
dimensions, capacities, horsepower and torque ratings 
on Stearns magnetic clutches, brakes and clutch-brake 
combinations. 


Get your copy now. Just send a postcard requesting 
Bulletin 226-C or fill in the handy coupon. Extra copies 
available for your associates. No cost. Just state quantity. 

1066 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4% MAGNETS 


STEARNS MAGNETIC, INC. anni ter ieee. 


transmission problems 


Please send me ........ 


copies of new Stearns Bulletin 226-C. 


Title 


Zone State 





as a pilot valve to actuate larger con- 
trols. Range is up to 125 psi. Over. 
all dimensions: 3% x 45% in. high, 
Weight, 2% lb. Pantex Mfg. Co., 52] 
Roosevelt Ave., Pawtucket, R. I. 

Circle No. 11, Reader Inquiry Facilit e 24 
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ELECTRONIC TIMER 

Non-repeat feature increases the use- 
fulness of electronic timer in such 
short-interval timing operations as 
feeding work into machines and ener- 
gizing solenoids. Models CS4 and 
DS4 (Type CK) will operate without 
danger of repeating, either when 
started by a momentary contact or by 
a contact whose duration exceeds that 
of the timed cycle. Timer does not 
reset automatically until after the 
start switch is released. Since timer 
does not require filament current, it 
can be re-cycled immediately. Four 
standard ranges are available: 1, 5, 





3, 6, or 12 sec. A dial with 100 grad- 
uations allows the timer to be set 
for any desired percentage of the 
total range. Timer operates directly 
from 105-125 volts, 60 cycles. Its 
delay relay handles 8 amp at 125 
volts a-c with a non-inductive load 
in a SPDT circuit with no intermedi- 
ate “off.” A set of single-pole nor- 
mally open contacts, also rated at 8 
amp, closes at the start and opens 
when the timer is re-cycled. Timer oc- 
cupies a space of 3% x 4% x 3 in.; 
a style for back-of-panel mounting 
requires only 2 in. behind the panel. 


Farmer Electric Co., 21 Mossfield 
Rd., Waban 68, Mass. 
Circle No. 12, Reader Inquiry Facility, page 241 


MINIATURE TIMING MOTORS 


Having a diameter of less than 2 in. 
timing motors can provide time con- 
trol for refrigerator defrosters, re- 
cording mechanisms, washing ma- 
chines, juke boxes, time switches, 
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Bearing © 









you use 


Research, engineering and quality control 
departments to assist you. Specialized, 
large-run production facilities. Capacity 
now available! 







Since 1899 






j 


our Bimetal Bushings 


BEARING MATERIALS 
Bronze, babbitt or copper-lead lining. 


LOAD-CARRYING STRENGTH 
Lining materials bonded to steel backs. 


LOW-COST PRODUCTION 


Rolled from bimetal continuous strip. 


SPECIAL DESIGN FEATURES 
Oil pockets, grooves, holes, notches, windows, 
cut-outs; V-, lock- or straight butt-seam, etc. 


Sleeve bearings in all designs and sizes; cast bronze bushings; rolled 
split-type bushings; bimetal rolled bushings; washers; spacer tubes; 
precision bronze parts and bronze bars. 


FEDERAL-MOGUL CORPORATION, 11063 SHOEMAKER, DETROIT 13, MICH. 
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Saves 74 of Assembly Time 
with this 10-ounce 


KELLER SCREW DRIVER 


The Keller Pneumatic Screw 
Driver shown above—Model 12D- 
2C— is used in assembling parts 
for a power band saw. It has in- 
creased production per man-hour 
to three times as much as it was 
before. Similar results are re- 
ported from other shops where it 


has been installed. 


It is lightweight (10 oz) and 
well proportioned to fit the opera- 
tor’s hand. It has pneumatic pick- 
up and a pressure control. It is so 
easy to handle and use that it 
makes assembly a breeze. 





eet 


about 
KELLER Screw Drivers 





@ Weigh less —reduce fatigue 
@ Consume less air 


@ Interchangeable parts —wide variety 
of handles, gearings, torques, speeds 


@ Clutches, 45° and 90° attachments 
for every requirement 


[Pr sererintiv literature 


and detailed information 


KELLER TOOL COMPANY 


GRAND HAVEN, MICHIGAN 








thermostats, and similar units. Motor 
is available with output speeds rang- 
ing from 450 rpm to | revolution in 
31 days. Gear trains can be added 
to the basic unit for varying addi 
tional speeds. Special switching 
mechanisms are also available. Fea- 
tures include high torque ratings—up 
to 0.5 in.-lb at 1 rpm for a motor 
with a 450-rpm output. Gear pinion 
assemblies in each reduction unit are 
made of fine pitch, molded nylon. Use 
is made of manufacturer’s Lubricone 
permanent lubrication system em- 
ploying a Dow Corning silicone de 
rivative; this insures satisfactory oper- 
ation for temperatures between —40 
and 350 F. Industrial Movement Sales 
Div.. Sessions Clock., Co., Forestville, 
Conn. 

No. 13, Reader Inquiry Facility, page 24] 


VIBRATION ISOLATORS 


Freedom from drift or permanent set 
is claimed for Equiflex all-metal vi- 
bration isolators. Performance is not 
affected by temperature extremes. 
Shocks of 15 g can be sustained with- 
out damage and equipment is kept 
captive up to 30 g. Mountings have 








withstood 100-hr salt spray tests. De 
signed to absorb vibrations both ver- 
tically and horizontally, isolators are 
available in three different sizes: size 
1 for light loads (instruments and 
other vibration-sensitive devices); size 
2 for medium loads (panels, cabinets 
housing electronic equipment); and 
size 3 for heavier loads. Each mount 
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is stamped with its load ratmg m 
pounds. Basic elements of the mount 
are a tubular core attached by springs 
either to a square mounting plate or 
to a circular mounting cup. The 
springs are arranged to form two op- 
posed cones. Within these cones of 
springs, are two floating metal stamp- 
ings held apart by an internal com- 
pression spring. This damper spring 


keeps amplitude within safe limits at’ 


resonant frequencies. Overload and 
shock conditions are met by heavy 
rebound washers securely fastened to 
each end of the tubular core. Radial 
and axial spring rates are the same so 
that deflection is the same for a 
given load condition, regardless of 
the direction of thrust. Extra-damped 
mountings are available in which each 
of the multiple coil springs _ is 
shrouded with polyethylene tubing. 
Ucinite Go., Div. of United-Carr 
Fastener Co., 499 Watertown St., 
Newtonville, Mass. 
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MINIATURE 
POTENTIOMETER 


Known as the Jet D-100, potentiom- 
eter is capable of electrical, as well as 
a mechanical rotations up to 360 deg. 
Resistance range extends up to 50,000 
ohms + 1 per cent; with available 
windings, linearity can be obtained 
within + 1 per cent of total resist- 
ance. Units are rated at 1 watt at 25 
C. Resistance alloy has a temperature 
coefficient of 0.00002 parts per deg C 
for values of 500 ohms or more. Am- 
bient temperature is from 67 to 





+250 F. Terminal board material 
withstands 250 F; terminals are avail- 
able with silver or gold plating. The 
potentiometer has an anodized alu- 
minum case and phosphor bronze 
bushing. Its steel shaft, % in. in diam, 
is supported by sleeve bearings (ball 
bearings, if specified). Paliney contact 
material is used between the rotor and 
resistance element. The rotor take-off 
brushes are made of gold alloy and 
rotate on a coil-silver ring. Use of 
precious metals on moving parts gives 
potentiometer a life in excess of one 
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CUTS SHOCK 
DAMAGE TO 
INSTRUMENTS! 


"Wooden boxes often 
broke, but M.E. boxes 
hove the ‘give’ to 
absorb bumps, and 
strength to protect 
our regulators. Best of 
all they save us 50% 
on packaging and 
labor costs.” 





PROTECTS 
HEAVY-WEIGHT 
PRODUCTS! 


“Sturdy M.E. boxes 
enable us to ship 
spare and replace- 
ment parts the safe 
way...eliminate box 
breakage complaints 
... dealers like 'fresh- 
box’ appearance.” 






INCREASES 
DISTRIBUTION! 


“Many dealers re- 
fused to carry all our 
pulley sizes because 
of difficulty in stock- 
ing unpackaged items. 
Now we use M.E. 
boxes, and dealers 
have substantially in- 
creased their inven- 
tories.” 





METAL EDGE—the engineered method—has solved diverse 
packaging problems in over 100 American industries. 


NATIONAL METAL EDGE BOX CO. 


PACKAGING e MATERIALS HANDLING e INVENTORY CONTROL 


1212 Callowhill Street, Philadelphia 23, Pa. 
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VALVAIR SPEED KING 
SOLENOID PILOT OPERATED 
CONTROL VALVES 





Greet 


Eight pages, well The New Valvair 
illustrated, outlin- 
ing Valvair’s unique Speed King line 
advantages for you. 


The bulletin starts 
thus: 4-way, 4-way-5-port 


is complete — 3-way, 


“Valvair air control 


(2-pressure), foot- 
valves are the ex- 


pression of an origi- mounted or sub-base 
nal, exclusive, per- 

haps ingenious idea manifold mounted; 
in design and Se ye 
construction. pipe tan — 5", 
“The objective: %", 2", Me", VW". 


To meet virtually 
countless require- 
ments with fewer 
types of valves 
than ever before,” speed and endurance. 
etc. 


A precedent-breaker 


in size, weight, 


Get all the facts! 
Your letterhead 


request will be 
answered 


promptly. VALVAIR CORPORATION Affiliate: Sinclair-Collins Valve Company 


956 BEARDSLEY AVE., AKRON 11, OHIO 


REPRESENTATIVES IN PRINCIPAL CITIES 


ASK FOR 
BULLETIN “M-2”. 





al} 3) Moe Yom TSM CUTE Cem te dt 
CRN GMCS KVG MRI MM LITE 
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meter leads cannot 
disconnect accidentally ! 


Bruno Multimeters take advantage of 
Hubbell Interlock’s exclusive contact 
and locking features. Leads lock auto- 
matically when plugged into meter — 
disconnect only when intended. Con- 
tact resistance is extremely low, and 
stays constant because of unchanging 

coil spring pressure. Exclusive design SS oe 
and nylon insulation make Interlock SS industries 
jacks waterproof and weatherproof. as Corp. 









Meter Mfrd. 


Hubbell Interlock connectors may be 


put to a multiplicity of uses for both Hubbell Inter- 
electrical and electronic devices. Our lock connectors, 
development laboratory will cooperate shown, are nylon 
with your engineers to adapt Interlock insulated . . . color-coded in 
for your specific applications. black and red with a terminal 





wire connection. The Type S 
connectors used in Bruno Mul- 
timeters accommodate wire 


sizes #14to #18 with 15 amps. 
J 


a secs HUBBELL, Inc. Mima 
Interlock Dept., Bridgeport 2, Conn. 


For Further Information, 
Write Dept. E: 
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million cycles. Potentiometer has a 
%-in.-diam case. Unit weighs % oz. 
Jet Electronics, Inc., 93 Massachu- 
setts Ave., Boston, Mass. 
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METALIZED HERMETIC 
TERMINALS 


Line of metalized Solderseal hermetic 
terminals is made of alumina ceram- 
ics. Material conforms to requirements 
of Grade L-5A in accordance with 
JAN-1-10. Terminals are made of 
glazed alumina ceramics; lugs and 
eyelets are hot-tinned brass with met- 
alized areas silver-fired on ceramic. 
Both lugs and eyelets are copper- 
electroplated and tin-fused for soft 
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soldering. Immerison in 60/40 solder 
at 450 F for 142 min for dip soldering 
will not injure the metallic coating. 
Features are high mechanical strength 
and resistance to thermal shock. Di- 
mensional tolerance is + 1% per cent, 
but not less than + 0.010 in. Ter- 
minals are available in a wide range 
of standard sizes. Voltage ratings 
(with a relative humidity of 40 per 
cent) range from 3000 to 15,000 volts 
rms. General Ce ee and_ Steatite 
ae Keasbey, N. J. 
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WATER-SEALED JACKS 

Construction of water-sealed jacks pre- 
vents water which reaches the jack 
opening from penetrating through it. 
Jacks are available in two types: WS- 
1A, a two-circuit model with terminals 
for one circuit and ground, and WS- 
A2B; a three-circuit type jack with 
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AIRCRAFT DISTRIBUTOR HEAD molded of MELMAC 592 provides extra safety in ignition system. 





ler Chosen for its excellent dielectric strength, arc resistance, insert retention, and resistance to high 
ng temperatures. Keeps its properties at high altitudes. 
1g. Made by Scintilla Division, Bendix Aviation Corp., Sidney, N. Y. 
th MIDGET PRECISION SWITCH 
Ji- has two-piece base molded of MELMAC 1500 — chosen for its high arc resistance, excellent 
P . 
nt, dielectric strength, low specific gravity, easy molding. The switch is widely used in electronic 
er- | devices, appliances and business machines. 
ge Made by Acro-Mu Switch Divison of Acro Manufacturing Company, Columbus, Ohio. 
1gs 
perf 
Its | 
tite ® 
eee? 
yre- 
ack When your problem calls for a combination of 
. it. i ‘ 
vs. | exceptional mechanical properties — heat resist- . 
1 ance, impact resistance, water resistance, dimen- 
VS- 
vith sional stability, arc resistance, dielectric strength 
° d 
— Cyanamid’s MELMAC Molding Materials will AMERICAN LOMPANY 
often be your logical choice. In such varied appli- PLASTICS AND RESINS DIVISION 
; : : ; a 33D ROCKEFELLER PLAZA, NEW YORK 20, N. Y. 
cations as electric motor insulation, mining ma- 
) chinery insulation, ignition parts, circuit breakers, 
terminal blocks, meter blocks and connector plug In Canada: NORTH AMERICAN CYANAMID LIMITED 
Royal Bank Building, Toronto, Ontario 
inserts, MELMAC provides the material answer. 5300 Reyaimount Avenus, Menwoal, Quebec 
Our engineers will be glad to work with you, 
a whenever you give the word. 
ING FEBRUARY 1954 
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MOST ECONOMICAL, HERMETICALLY SEALED 








Provide delays ranging trom 2 to 120 seconds. 


e@ Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current. 


@ Hermetically sealed. Not affected by altitude, mois- 
ture, or other climate changes. 


@ Circuits: SPST only—normally open or normally 
closed. 


Amperite Thermostatic Delay Relays are compen- 
sated for ambient temperature changes from —55° to 
+-70°C. Heaters consume approximately 2 W. and may 
be operated continuously. The units are most compact, 
rugged, explosion-proof, long-lived, and — inexpensive! 


TYPES: Standard Radio Octal, and 9-Pin Miniature. 


STANDARD MINIATURE PROBLEM? Send for Bulletin No. TR-81 


e Amperite Regulators are designed to keep the 
current in a circuit automatically regulated at 
a definite value (for example, 0.5 amp). 


@ For currents of 60 
Pulsating Current. 


@ Hermetically sealed, light, compact, and most inexpensive. 





ma. to 5 amps. Operates on A.C., D.C., 
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Amperite Regulators are the simplest, most effective method 
for obtaining automatic regulation of current or voltage. Her- 
metically sealed, they are not affected by changes in altitude, 
ambient temperature (—55° to -++-90°C), or humidity. Rugged; 
no moving parts; changed as easily as a radio tube. 


Write for 4-page Technical Bulletin No. AB-51 


MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. 


In Canada 





Atlas Radio Corp., Ltd., 560 King St. W., Toronto 2B 
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terminals for two circuits and ground, 
Units are built to conform to Speci- 
fication JAN-]-641, Amendment No, 
1, dated 29 December, 1952, where 
applicable. Design features include 
the integral construction of the con- 
tact spring-solder terminal, and the 
insulated pressure ring. These features 
are said to enable the jacks to undergo 
more than 5,000 insertion and with- 
drawal cycles without appreciable 
change in spring characteristics. Also, 
tests have shown that the jacks can 
withstand a 6-ft head of water with- 
out leakage, for a 24-hr period. Jacks 
have following ratings: contact resist- 
ance, less than 0.02 ohm before and 
after life test; insulation resistance, 
100 megohms (before humidity cycle); 
and dielectric strength, 500 volts rms 
(min). The molded jack housing is 
made of a mica-filled phenolic con- 
forming to type MFE of Specification 
MIL-P-14A. All current-carrying mem- 
bers are fabricated from copper alloy 
materials, and silver-plated. Terminal 
lugs are hot-tinned. The jacks are sup- 
plied with a neoprene O-ring that fits 
over the bushing. P. R. Mallory & Co., 
Inc., Indianapolis 6, Indiana. 
rcle No. 17, F 


CORROSION-RESISTANT PIN 


Corrosion-resistant stee] Rollpin is ca- 
pable of withstanding a 100-hr salt 
spray test. A slotted and chamfered 
cylindrical spring pin, it is heat-treated 
for toughness, resilience and_ shear 
strength. As a result of the design, 
self-locking action is achieved in holes 
drilled to normal tolerances. Typical 


Z, 


uses include pinning gears or pulleys 
to shafts, as hinge pins, dowels, re- 
placements for cotter pins, and as 
shafts for small gears. New processing 
methods, including passivation, en- 
able the pin to meet requirements of 
AMS 7207. Elastic Stop Nut Corp. of 
America, 2330 Vauxhall Rd., Union, 
N. J. 

e No. 18, Reade cility ye 24 


CONSTANT SPEED MOTOR 


Constant speed under all load condi- 
tions can be obtained from new re- 
luctance type, synchronous motor, 
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COMPLEX PARTS ARE A CINCH 
FOR MORAINE POWDER METALLURGY 


By conventional casting and machining 
methods, this part would be high in cost 
and would require extensive equipment 
investment. Through the use of metal 
powder techniques, it has been mass- 
produced with important over-all savings. 


Note the construction details on the print 
in the background. Formerly many machin- 
ing processes were necessary before this 
part was ready to be assembled into a 
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moraine 
products 


DIVISION OF GENERAL MOTORS CORPORATION, DAYTON, OHIO 


complete, operating mechanism. Now it 
comes from a press complete in a single 
operation . . . another example of what 
can be accomplished through cooperative 
effort between customer and Moraine. 


Moraine’s experience with metal powder 
is contributing widely to modern industry. 
Many complex designs are resolved into 
practical, economical production jobs that 
improve performance and lower costs. 


METAL 
POWDER 
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Set New Records for 
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UNDREDS OF THOUSANDS of Marco Motors are 
H operating today in homes, offices and factories. 
They are working quietly in room air conditioners, 
unit heaters, office machines. You are not conscious 
of their presence but pay tribute to the quality and 
good value of the equipment that serves you. 





Back of Marco Motors is the precision engineering that 
has produced an electrical design that practically elim- 
inates AC hum. Mechanical tolerances are maintained 
constantly. Electronic balancing assures vibration free 
performance. Ingenious Bearing and lubrication system 
assure long, trouble-free life. The long experience in 
the manufacture of shaded pole motors now benefits 
many through our modern preduction methods 


New type motor mount eliminates parts and labor in 
assembly of room air conditioner applications. Available 
in various heights as required by your design. 


Write for literature on 


MARCO MOTORS 





| designated the Relsyn. Rating for 
rating, it is about the same size as a 
squirrel cage motor and operates at 
only slightly lower power factor and 
efficiency. Result is that the motors 
are available in higher ratings than 
many reluctance-type motors. Design 
differs from ordinary synchronous mo- 
tors: stator is essentially the same but 
the rotor is of simpler design. It has 
no excitation winding, slip rings, or 
brushes. A squirrel cage of cast alu- 
minum provides the necessary torque 
for starting. During operation at syn- 
chronous speed, torque is produced 
entirely by interaction of the rotating 
magnetic field of the stator winding 
| with the iron parts of the rotor, with 
| the squirrel cage acting as a damper 
winding to prevent hunting. Motors 
start under full voltage, using stand 
ard induction motor controls. Since 
exciter and brushes are eliminated. 
motor is inherently free of radio in- 
terference. Kurz & Root Co., Inc., N 
Island St., Appleton, Wis. 
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POWER RESISTORS 


Rectangular high-temperature resis 
| tors, types PW-7 and PW-10 are de- 
| signed for use in circuits requiring an 
| actual dissipation of 7 to 10 watts or 
| less. Wire elements are wound on 
| glass fiber cores; axial leads are 1% in. 
| long and have a 0.036 in. diam. These 


“00 4 Ot, 
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| resistive element and leads are sealed 
| into a ceramic case with a special ce 
| ment which provides mechanical pro 
tective bond between the resistant ele- 
ment, the terminals, and the case 
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Quality Motors Type PW-7 is available in values from 
‘tailored"’ to 0.51 ohm to 5100 ohms; type PW-10 
your product at ranges from 1.0 ohm to 8200 ohms. 
esectetelbheteess oleae Both types are available with a toler- 
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See at a glance 


which Kodagraph Material will solve 
today’s drawing reproduction problem 


Free... 


this handy wall chart 
lets you select imme- 
diately the Kodagraph 
Reproduction Materi- 
al which will give you 
best results in repro- 
ducing any type of 
drawing or other orig- 
inal in any type of 
print-making equip- 
ment. 


Whether you do vour own print-making or order 
from a local blueprinter, you will find this selection 
chart a helpful time-saver. And a money-saver, too, 
for these materials do not involve complicated tech- 
niques and are surprisingly low in cost. 

The chart tells you, among other things, which 
Kodagraph Materials are specifically designed to 
give you sharp, clean intermediate prints of old, 
soiled drawings; which Kodagraph Materials are 
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best for reproducing blueprints, microfilm negatives, 
drawings with extremely fine detail, printed half- 
tone pages, etc. 

In addition, it gives you concise descriptions of 
all the materials in the versatile Kodagraph line, 
some of which you may not be familiar with. Also, 
youll find helpful tips on processing. It’s well worth 
sending for today. If you'd like more than one chart, 
free of charge, just say how many. 


Kodagraph Reproduction Materials 


‘‘THE BIG NEW PLUS” in engineering drawing reproduction 


EASTMAN KODAK COMPANY, Industrial Photographic Division, Rochester 4, N. Y. ” 


Gentlemen: Please send me a free copy of your Kodagraph Selection Chart. 


Name cas Position 
Company - 


Street 


Zone State _ 
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ance of + 5 per cent or + 10 per cent, 
International Resistance Co., 40] 
North Broad St., Philadelphia 8. 
Penna. 

Circle No. 20, Reader inquiry Facility, page 24) 


MINIATURE GEARBOX 


Applications of miniature gearbox in- 
clude use in miniature servo motors. 
Designed to meet aircraft vibration 
specifications, features are stainless 
steel construction and integrally cut 
cluster gears that reduce backlash. On 
special order, gearbox can be supplied 


with any potentiometer having an % 


A Pe Le . in. shaft, to form a packaged servo 
fi Tens system. Gearbox has the following 
‘ 


SEND TODAY FOR OUR NEW 
CATALOG AND LATEST PRICE SHEET 


Tec, | ratings when operating on a standard 
28-volt aircraft supply: output torque, 


XY ' 8-in.-oz, with maximum backlash of 
|) BRASS MOTS 


i ry Precis Vu 








0.007 in. at input; starting voltage 
1.5; and operating temperature range, 
from —65 to 125 C. Life expectancy 
is 2000 hr under normal applications 
and running conditions. Present de- 
| sign is for a 300-1 ratio. Unit may 
also be designed to operate from an 
18-volt power supply. Belock Instru- 
ment Corp., College Point, New York, 
| WH. fF. 

| Circle No. 21, Reader Inquiry Facility, page 241 




















COST LESS TO BUY! COST LESS TO USE! 
Than Nuts Produced By Other Methods. 


The Catalog and Price List offered will prove our 
High-Precision, Low-Price Promise. The new 16 
page Catalog gives you the details and features that 
make ‘‘Fischer Turned’”’ Brass Nuts more eco- 
nomical to use. 





Our Latest Price Schedule will show you that these SOLENOID VALVE 
Fischer features don’t cost you an extra cent. In 
fact, “Fischer Turned” Brass Nuts will probably 


cost less than the nuts you are using now. 
POSITIVE ‘ON TIME” DELIVERY 


You don’t guess! You don’t worry when you order 
“Fischer Turned” Brass Nuts. Your order ar- 
rives on or before the promised delivery date. So 
Specify and Order ‘“‘Fischer Turned”’ Brass Nuts 
... get Precision, Price and Positive Delivery! 


Improved version of Model 73 sole- 
noid valve is available in three orifice 
sizes and four body styles. Design fea- 
| tures include use of double-dipped, 
| varnish-impregnated coils, which can 
be changed to suit voltages required. 
When a coil is changed the accom- 
panying data plate is fastened under 
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“SCOTCHCAST™ 


seals R-B-M coils for extra-long life 


““Scotchcast”’ is an epoxy-type electrical embedment 
resin that gives dependable insulation and protects 
against oil, moisture, chemicals and weather. The 
R-B-M Division of Essex Wire Corp. finds it ideal 
for industrial controller coils. 

““Scotchcast”’ is a cold pouring resin that is supplied 
as a liquid. After liquid hardener is added, it cures 





1 AFTER WINDING, coils 


are fitted into plastic cases 






and acquires long-lasting protective and insulating 
properties. 

‘“Scotchcast” can be mixed with suitable filler to 
give better electrical properties, lower coefficient of 
expansion, higher heat dissipation. 

For complete data, write Minnesota Mining and 
Manufacturing Co., Dept. ES-254, St. Paul 6, Minn. 


2 SEALING COILS in 


“Scotchcast” Resin 






“SCOTCHCAST” Electrical Embedment Resins 


The term “Scotch” and the plaid design are registered trademarks for the more than 300 pressure-sensitive adhesive tapes made in U.S.A. by Minnesota Mining & 
Mfg. Co., St. Paul 6, Minn.—also makers of “‘Scotch” Sound Recording Tape, *‘Underseal” Rubberized Coating, ‘‘Scotchlite” Reflective Sheeting, “Safety-Walk” 
Non-slip Surfacing, **3M’’ Abrasives. ‘3M’? Adhesives, General Export: 122 E. 42nd St., New York 17, N. Y. In Canada: London, Ont., Can. 
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keeps 
in touch 
FLL Mm eT} 





—no other brush 
just like it! 


THE WORD IS GETTING AROUND... More and more. the 
impression is growing, and rightly, that Superior likes to grap- 
ple with difficult brush problems — and solve them! The ECH 
brush assembly shown above does a better job wherever a split 
brush is required. Superior’s patented tension-clamp keeps at 
least one half of the brush ALWAYS in contact with the com- 
mutator. Results: optimum commutation, negligible chatter, 
minimum “brush bounce”, and long wear. .. It would be a real 
pleasure to study your difficulty — and without obligation. 


SUPERIOR CARBON PRODUCTS, INC, 


9115 GEORGE AVENUE, CLEVELAND 5, OHIO 


1) 
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the coil cover nut. The coil cover is 
held with one nut, and can be ro- 
tated through 360 deg, to simplify 
electrical connections. Designed for 
use with any non-corrosive liquid, re- 
frigerants or air, the valve may be ob. 
tained in these sizes: %2, %6 and %%» 
in., and for 3s NPT, % in. flare, and 
3%, or % in. sweat connections. A-P 
Controls @orp., 2450 N. 32nd St., 
Milwaukee 45, Wis. 


Circle No. 22, Reader Inquiry Facility, page 241 


CABLE TERMINAL 


Color-coded for size identification. 
grounding sheath connector consists 
of a pair of tubular sleeves, one of 
which fits inside the other. When in 
stalled on a cable the sleeves sand- 
wich the end of the cable braided 
shielding and a grounding wire be. 
tween them. A tool compresses this 
assembly together. The double sleeve. 
type fitting are available in seven per- 
manent colors. Corresponding colors 
are used to designate installing tools 
with the proper nest size. Wire and 
cable with diameters from 0.058 to 
0.297 in. can be accommodated by 
the line. All sleeves are chamfered at 






—S 


the ends to avoid abrasion of cable 
insulation. They are said to require 
about one-third the chassis space 
needed for standard coaxial fittings. 
Applications include use for terminat 
ing braided shields on wires and ca- 
bles used in electronic equipment op- 
erating at trequencies extending 
through the uhf range. Connector can 
be used without materially affecting 
the electrical characteristics of coaxial 
cable where the shield is at ground 
potential. When a grounding wire is 
not required a special terminal tongue 
may be substituted. Tongues are avail- 
able in a variety of shapes and bolt 
hole sizes. The Thomas & Betts Co.. 
Inc., 56 Butler St., Elizabeth 1, N. J. 
Circle No. 23, Reader Inquiry Facility, page 241 


RANGE TIMER 


Called the T-50S, low-cost range 
timer can be installed in a 3% in. cir- 
cular cutout. Designed for use op 
ranges and electric roasters, it will be 
available as a: stripped mechanism. 
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Here fly 
90 Rollpins 





Atypical application, not included 
in the pilotless bomber above. 
Rollpin is driven into standard 
holes, compressing as driven. No 
taper reaming is required. Rollpin 
fits flush . . . is vibration-proof. 







as a rivet 


TRADE MARK 
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ROLLPINS saved 
The Glenn L. Martin Go. °6,300 


The Glenn L. Martin Company cut fas- 
tening costs on a single missiles contract 
by $6,300, as compared to dowel pins.. 
by $11,700 as compared to taper pins! 
These installed cost savings, recently an- 
nounced to Company engineers, were 
made possible by the use of just 90 
Rollpins per unit. 

ESNA Rollpin is the slotted tubular 
steel pin with chamfered ends. It is sim- 
ply driven into standard holes, compress- 
ing as driven. The Rollpin’s spring action 
locks it in place—regardless of impact 


BY oe epee ere 
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3 C) Rollpin Bulletin 
a hinge pin 

Name 

Firm 


Street_ 





a set screw 


= — SS Ane 


Dep. R21-222, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 


Please send the following free fastening information: 


l 
| 
| 
| 
| 
| (0 Elastic Stop nut bulletin 
I 
| 
| 
| 
: City __Zone___ State. 


loading, stress reversals or severe vibra- 
tion—that’s why Martin was able to make 
these savings on this contract for pilot- 
less bombers. 


No precision-drilling, threading or peening .. . 
novextra operations! 


If you use locating dowels, hinge pins, 
rivets, set screws... or straight, knurled, 
tapered or cotter-type pins— Rollpin can 
cut your costs, too. Just mail the coupon 
for design information. 


(C Here is a drawing of our product. 
What self-locking fastener would 
you suggest? 
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relays 


eliminate need for vacuum tubes in 


ea 


a 





many electronic, servomechanical 


and photoelectric circuits 





.-.in sensitivities ranging 


from 50 microwatts to 1 milliwatt 


[deal for hundreds of industrial 
applications, Barber-Colman 
‘Micro-positioner”’ d-c polarized 
relays are extremely sensitive, 
stable, and vibration resistant. 





High-speed response can be op- 
erated in excess of 100 eps. A vail- 
able in a wide range of coils, 
enclosures and mounting details. 
Extensively used in balance-de- 
tecting bridge circuits and as plate 
current relays in electronic appli- 
cations. 


Write today for Bulletin F3961-2 


BARBER-COLMAN COMPANY, 


Dept. B, 1403 Rock St., Rockford, Illinois 
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with mounting plate, or complete 
with mounting plate, crystal, knobs, 
and bezel. According to manufacturer, 
an infinite number of settings are pos- 
sible with the T-50S because of the 


elimination of predetermined timer 


intervals. Accuracy and dependability 
of the timer are increased through the 
use of a double-plate design which 
offers two-pivot support for pinions 
and gear shafts. The terminal board 
assembly is strengthened by an added 
Textolite back cover. To provide quiet 
operation, the range timer incorpo- 
rates a Telechron sealed-reservoir-type 
synchronous motor and a gear train 
designed for smooth mesh with posi- 
tive drive. A four-position switch al- 
lows “manual,” “set,” “cook,” and 
“off” settings. The timer also is avail- 
able as a three-position vnit without 
the manual position. General Electric 
Co., 1 River Rd., Schenectady 5, N. Y. 

No. 24, R > 24] 


FLEXIBLE COUPLING 


Faster absorption of lateral thrusts o1 
pulses in drive operation is one de- 
sign feature of a flexible coupling 
with a nylon splined sleeve, designed 
for use in fractional-horsepower 
drives. Feature is made possible by 
the high slip, low friction coefficient 








ACM EL TACT 


transmission 
equipment? 


reach for your Product Design File 


“,..@ great time-saver” 


These manufacturers’ catalogs 
are instantly available in Section 
3a of your Product Design File: 


Airborne Accessories Corp. 
Allis-Chalmers Mfg. Co. 
American Flexible Coupling Co. 
Apex Machine & Tool Co. 
Boston Gear Works, Inc. 
Cullman Wheel Co. 

Dodge Mfg. Corp. 

Falk Corporation 

Foote Bros. Gear & Mach. Corp. 
Industrial Gear Mfg. Co. 
Instrument Gear Works 

James, D. 0.,Gear Mfg. Co. 
Link-Belt Company 

Lovejoy Flexible Coupling Co. 
Morse Chain Company 
Raybestos-Manhattan, Inc. 
Rockford Clutch Div. 

Stearns Magnetic Inc. 

Twin Disc Clutch Co. 

Warner Elec. Brake & Clutch Co. 
Winsmith, Inc. 


In other sections of the File you 
will find additional catalogs 
containing useful information on 
product forms, characteristics, 
performance and use. 


Sweet’s Catalog Service 


Division of 

F. W. Dodge Corporation 
119 West 40th Street, 
New York 18, N. Y. 
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tailor-made 


MMC CaCl 





Plexiglas globe—big enough to hold a man—is molded in two sec- 
tions on General American’s battery of 300-oz. injection presses. 
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| Plastic Armor for General Electric’s Fluorescent “Six-Footers” 


Huge fluorescent fixtures encased in hard, clear 
plastic are the big news in outdoor lighting. 

To make the installation of their new “‘lumi- 
naires’ practical, General Electric needed a 
globe big enough to hold four 6-foot fluorescent 
tubes, and tough enough to protect them against 
wind, weather and small boys’ marksmanship. 

General American’s extensive molding facili- 
ties and wide experience produced the answer 
for General Electric, as they have for so many 
manufacturers with unusual problems. Here, in 
one company, you'll find everything you need 


. batteries of molding machines ranging from 
300-0z. injection presses to 2000-ton compression 
presses, reinforced molding equipment, tool 
and die service ...and a big plus—creative 
engineers, specialists and craftsmen who know 
how to make plastics serve industry. 

What’s your problem? 

Improving an established product .. . devel- 
oping a new product? Find out what General 
American has done—and can do—with plastics 
and you may find the answer to your produc- 
tion problem. 


PLASTICS DIVISION ¢ General American Transportation Corporation 





135 S. La Salle Street, Chicago 90, Illinois . 


380 Madison Avenue, New York 17, New York 








GREATER STRENGTH is offered by Avon's new 
Fusionweld process because of the complete uni- 
formity of grain structure found throughout the 
entire tube wall, including the highly critical welded 
area. This feature eliminates the need for bonding 
with another metal, also eliminates the internal 
stresses resulting from variables in expansion co- 
efficients where rapid temperature changes are 
involved. Fusionweld thin-wall steel tubing now can 
be employed as a satisfactory, low cost substitute 
in most electro-thermal tubing applications with 
absolute confidence in the end results. 


ADDED DUCTILITY of Avon Fusionweld thin-wall 
steel tubing provides new ease of forming even 
the most complicated shapes due to our new con- 
trolled method of annealing in special atmospheric 
furnaces. This important characteristic insures lower 
scrap loss in fabrication and superior performance 
in most electrical sheathing applications. 


SMOOTHER O.D. tor fine finish brass or chrome 
plating is offered in all Avon Fusionweld tubing for 
electrical fixture manufacturers. 


MORE ECONOMICAL—Avon Fusionweld guar- 
antees a very definite price advantage coupled 
with greatly broadened usefulness and new savings 
which now can be affected in fabricating opera- 
tions—with far greater freedom from scrap loss. 


He” O.D. to ¥” O.D. Plain or Terne Coated. 
We can fabricate tubing to your requirements. 





















ot the material (du Pont FM1LOUU1L) 
Coupling is a single-unit connector. 
with the nylon sleeve and the op. 
posite setscrew end-fitting being me 
chanically attached to the Flex-Ele 
ment by roll spinning. This cylindrica) 
element is made of Buna N or neo 
prene with a fiber or wire braid rein- 
forcement. Couplings require no lu 
brication. They are available in 
lengths specified. The Dyna-Line 
couplings, designated Series 1-SN and 
2-SN, have a capacity of % and % hp 
and maximum bores of % and % in. 
respectively. Coupling was designed 
for a gun-type oil-burner drive, but 
has many other applications. Coupling 
Div., Guardian Products Corp., 1215 
East Second St., Michigan City, Ind. 
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POWDERED IRON CORE 


High-frequency powdered iron cores 
have been developed for use with 
printed circuits. Core consists of an 
upper section of any type of powdered 
iron to suit the frequency of the ap- 
plication. Bonded to the iron core and 
of the same diameter is a phenolic in 





sulator base. Four wire leads, em- 
bedded in the phenolic section, serve 
as leads for the two coil windings and 
can be used to mount the unit on a 
phenolic base in printed wiring. Dip 
soldering may be used. Henry L 
Crowley & Co., One Central Ave. 
West Orange, N. J. 

Circle No. 26, Reader Inquiry Facility, page 24! 


SERVO 
MOTOR-GENERATOR 


Two-phase servo motor and integra! 
damping generator weighs 7.6 oz, has 
a 1.062 in. diam and a 3-in. overall 
length. Stator assemblies of both mo- 
tor and generator sections are integ- 
rally cast in a thermosetting plastics 
material. Stainless steel housings and 
cast stators provide additional protec- 
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Babying Your Products 


is the Special Talent of Gaylord Boxes 


Gaylord Boxes cradle your product in 
safety from packing line to the end of 
the trip. 


This positive protection is a natural result 
of Gaylord’s specialized approach to con- 
tainer engineering. Successful experience 
and tireless ingenuity combine to produce 


GAYLORD CONTAINER CORPORATION 


SALES OFFICES 





quality boxes that are exactly suited to 
your particular packing needs. 

Many of America’s leading manufacturers 
have learned to depend on Gaylord Boxes. 
How about you? For information and co- 
operation, phone your nearby Gaylord 
office. It’s listed in your phone book. 


COAST-TO-COAST 


General Offices: ST. LOUIS, MISSOURI 





CORRUGATED AND SOLID FIBRE BOXES * FOLDING CARTONS * KRAFT BAGS AND SACKS « KRAFT PAPER AND SPECIALTIES 
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tion. The 400-cycle motor has a low 
rotor inertia (1.3 gm cm?) and a high 
et e e stall torque (0.63 in.-oz}. Its no-load 
We think at this Paper speed is 5900 rpm. The generator has 
following ratings: maximum speed for 
e 3 a linear output, 5500 rpm; output 
as Insu ation Insurance voltage, 0.5 volt per 1000 rpm (min), 
Two mounting methods are provided; 
a 0.6250 in. mounting diam for use 
with four No. 4-40 tapped holes in 
the motor face and a 1 in. diam to be 
used when mounting clamps are de- 
sired. Kearfott Co., Inc., 1150 Me. 
Bride Ave., Little Falls, N. J. 
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HYDRAULIC CYLINDERS 


Over 800 basic models are included 
in a new line of hydraulic cylinders. 
Standard mountings available include 
foot, slide lug, centerline, clevis, base 
flange, rabbet, trunnion and subplate 
mountings. Adjustable stroke cylinders 
| are also available with foot or center- 

| line mountings. Cylinders are also 

For many a year, many a big name in small motors, available with male or female, single- 











generators, transformers and other electrical equipment 


has looked to H & V for dependable insulating papers. 


Reasons Why: 


1. Strong — these papers stand abuse | 





2. High dielectric strength 


3. Good drawing characteristics 


. . ae louble-end piston rods, with o1 

ood cuffin wi li ao roe . 
(good & properties without splitting) without cushion. Features include 
4, Strictly neutral PH — for maximum service at heavy-duty construction, spring-loaded 


piston rod packings, and steel end 
| covers. The 2000 and 3000 Series are 
5. Service that makes and keeps friends available with standard or 3:1) piston 
rods; if desired, chrome-plated, hard- 
ened, or hardened and chrome-plated 
Let us know your requirements. | rods can be obtained. The Hydraulic 
| Press Mfg. Co.. Mount Gilead, Ohio. 
rcle No. 28, Re« u 4 


high temperatures 





ry Facility, page 241 


PAWL FASTENERS 


Adjustable paw] fasteners, for quarter- 
turn closure or opening of hinged 
| doors and panels on equipment, are 
| available in a family of large, medium. 
and midget sizes. Three head styles 
meet requirements for many machine 





HOLLINGSWORTH & VOSE COMPANY | 


East Walpole, Massachusetts 
Manufacturers of Technical and Industrial Papers 
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SHADED POLE MOTORS 
1/2000 to 1/8 h.p. 





INDUCTION MOTORS 
1/1400 to 1/4 h.p. 










UNIVERSAL & D.C. MOTOR: 
1/1000 to 1/2 h.p. 





The eight Howard motors illustrated here are representative of the 
wide range of fractional H. P. motors available at Howard. 


Currently Howard fractional H. P. motors are serving many of the leading 
names in industry in hundreds of applications—accounting machines, 
fans, beacon lights, coin operated devices, dictating machines, facsimile 
equipment, air conditioners, projectors, tape recorders, power tools, 
sewing machines and many more. The wide range of H. P. ratings, 
motor type, frame sizes, speed and torque, voltage and power supply 
and other important considerations make Howard motors a likely source 
for your particular requirements. 


If you are using or choosing fractional H. P. motors for your tae tr 
products, write or phone (Racine 2-2731) today. Give us your 6 ee 
specifications and we will supply a motor to do your job. 

Please address Chief Sales Engineer. 


DEPT. EM-2* HOWARD INDUSTRIES, INC.+ RACINE, WISCONSIN 


uantity 


DIVISIONS: EMG evectric MOTOR CORPORATION (@>CYCLOHM MOTOR CORPORATION (GEA) RACINE ELECTRIC PRODUCTS 
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1954 
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“Strike if you must, | was 
never in better condition.” 


CASTINGS 






Pe On TF 
















mT 


We've never been in better condition to 
handle your requirements for lightweight 


castings, magnesium or aluminum. 


Our tour completely equipped plants and 
staff of competent personnel enable us to 


offer you the finest production facilities. 


Purchasing, engineering, production and 
management men in industries everywhere 
have found the name WELLMAN synony- 
mous with sound castings made under close 
metallurgical control . . . complete facilities 
for a wide range of products . . . a sincere 
interest in their problems. 


We'll be glad to send a representative to call, 
and in the meantime, our new catalog No. 53 
will tell you more about us and our almost 


half century of experience. 





Well-Cast MAGNESIUM AND ALUMINUM CASTINGS 
(ell: Made WOOD AND METAL PATTERNS 


THE WELLMAR BRONZE & ALUMINUM CO. 








and electronic applications. Two types 
of pawl adjustment are provided: the 
adjustable pawl, which tightens or 
loosens contact with the door jamb 
with an additional turn on the head. 
and the fixed pawl, pre-set at installa- 
tion to the desired contact gap and 
tension. Knurled-knob and T-Bar-style 
heads are available for hand operation, 
of the fastener; a slotted flush head 
for screwdriver operation. A gasket 
making the fastener watertight, is also 
provided where needed. Southco Div. 
South Chester Corp., 3rd and Nortl 
Governor Printz Blvd., Lester, Pa. 
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CLASS H MAGNET WIRE 


High-temperature Teflon insulated 
magnet wire is available in six colors 
and in sizes 14 to 50 AWG. The solid 
conductor is either soft or annealed 
copper on which Teflon enamel is dip 
coated. Single, heavy, triple or quad 
ruple thicknesses are available. Ap 
plications include use on: motors. 
generators, transformers, relays sole- 
noids, and other units. Hitemp Wires, 
Inc., 26 Windsor Ave., Mineola, L. L., 
N. Y. 


e No. 30, R nquiry Facility, page 24) 


OIL-FILLED CAPACITORS 


Small inverted tubular oil-filled ca 
pacitors are now available in a new 
range of ratings: 8 mf and dual 4 mf 
at 600 volts d-c; 4 mf and dual 2 mf 
at 1000 volts d-c; and 2 mf at 1500 
volts d-c. Case sizes of the tubular 





capacitors range from a height of 2% 
in. x 1% in. diam to a height of 4% 
in. x 2-in. diam. Hermetically sealed, 
they are oil-impregnated and _ filled 
with Indco oil “A.” Pyroteen-filled ca- 
pacitors are also available. Tempera- 





Dept. 6, 12800 Shaker Boulevard Cleveland 20, Ohio 


ture range with Indco oil: from —40 
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To wire a plant or wind a cot/ 


If PAYS TO BUY IN ONE PLACES 


Actually there is only one source for all of the types of wire 
and cable you may need...that’s General Cable. To meet 
your every requirement, General Cable manufactures 

bare, weatherproof and insulated conductors of every variety 
...-maintains vast stocks...the broadest distribution 
facilities in the industry...ultra-modern plants coast to 
coast. Specify “General Cable.” Don’t settle for less. 





GENERAL CABLE CORPORATION 420 Lexington Avenue, New York 17, New York 


Sales Offices: Atlanta °¢ Buffalo °* Cambridge (Mass.) °* Chicago °¢ Cincinnati ¢ Cleveland ¢ Dallas °* Detroit 
Houston ¢ Indianapolis * Kansas City * Los Angeles * Milwaukee * Minneapolis * Newark (N. J.) * New York °* Philadelphia 
Pittsburgh ¢ Portland (Ore.) °©¢ St.Louis ¢ SanFrancisco * Seattle * Syracuse °* Tulsa * Washington, D.C. 
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Buy the components which comprise a servo system from 
several manufacturers, and chances are that you are butcher- 
ing. After you waste time, labor, machinery, and material, 
modifying each component to make it usable, you still have 
to be satisfied with the limited system efficiency provided 
by unmatched units. 


Case histories prove that complete assemblies of Transi- 
coil components not only assure improved system perform- 
ance but actually cost less than the total purchase price of 
the individual components acquired from several sources. 


If you are now purchasing components from several 
manufacturers, a serious talk with Transicoil might well 
pay you dividends in lower costs and better results. But 
if your problem requires only an individual component, 
you can be sure of optimum performance from the Transi- 
coil units you specify. 







107 GRAND STREET 
NEW YORK 13, N.Y. 


CORPORATION 


Co & 





Miniature Motor and Gea: Motor, Generator, and Servo Plug-In 
Control Motors Train Assemblies Gear Trair Amplifiers Assemblies 
Combinations 
ia 
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to 70 C; tor types filled with Pyroteen. 

-70 to 90 C. The capacitors are 
single stud mounting. Industrial Con- 
denser Corp., Dept. E-7, 3246 N 
California Ave., Chicago 18, Il. 
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IMPROVED SET SCREW 


Improvement in the basic design of 
the Zip-Grip, a_ self-locking | set 
screw, has been accomplished by re- 
moving the top thread of the screw 
Result: locking action is confined to 
the uniform part of the tapping, in- 
stead of acting at the top, where vari- 
ations are likely to occur. This feature 
makes screw more adaptable to a 





cen.e 


variety of tappings and facilitates in 
stallation. In addition to the hexagon 
type, screw is available with a fluted 
socket. Screws find use where vibra- 
tion or close-setting adjustment are 
a factor. They are used in electronic 
equipment, washing machines, appli- 
ances, and other products. Set Screw 
& Mfg. Co., 112 Main St., Bartlett, 
Il. 
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MINIATURE CONNECTORS 


Improved line of miniature rectangu- 
lar connectors, Series VT, are avail- 
able with 7, 8, 14, 18, 20, 21, 34 and 
41 contacts; a 25-contact unit with 
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TAYLOR Forming 
Materials are specially 
made for use in intricate 
shapes, compound curves 
and relatively deep 
draws. They are available 
with a wide variety of 
! physical, mechanical and 
; electrical characteristics. 


TAYLOR 
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Want to make something of them? 





Make them into all kinds of panels, guards, barriers, ribs, masks, covers, 
ducts, containers, shields, shims or any other complicated formed part 
your product may require. While many grades of Taylor Vulcanized 
Fibre and Laminated Plastic can be formed to some degree, these four 
grades are ideally suited for most forming operations. 
LAMINATED PLASTICS: 
Grade C-7—for applications requiring toughness, resilience, 
mechanical strength and abrasion resistance. 
Grade XX-7—for applications where mechanical strength is 
secondary to good electrical properties and low cost. 
VULCANIZED FIBRE: 
Trunk Fibre—for applications requiring good mechanical strength, 
toughness, abrasion resistance, surface finish and resistance to 
organic solvents. 
Taylor Insulation—for applications requiring superior dielectric strength, 
toughness and abrasion resistance as well as good mechanical strength. 
Make your products better and easier to assemble. Call your Taylor 
Engineer, he will be glad to work with you on your design problems and 
recommend the Taylor material that can be best formed to meet your 
particular requirements. Other grades of Taylor Vulcanized Fibre... 
as well as Phenol, Melamine and Silicone Laminated Plastics . . . may 
also fit into your design plans. Your Taylor Engineer will be glad 
to show you samples and discuss specifications. 
Taylor Fibre Co., Norristown, Pennsylvania—La Verne, California 





Laminated Plastics 
Vulcanized Fibre 
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FROM WINDOW GUIDES 


TO INSULATION 


FELT 


by FELTERS 
DOES THE JOB RIGHT 


For a good slip-fit without rattling or looseness, 
Felters Felt is an ideal design material. To insulate 
against heat or cold, there are grades of Felters Felt FELTERS S.A.E. FELTS 


to solve many knotty problems. F-10, F-11 & F-13 
are often used for oil or grease 
; : ; ’ ili retention where the felt 1s com- 
If you would like information about felt s versatility ccaneh in autend 0 on te 
in solving design problems, write to Felters. sembly. Where operating condt- 


“ : ” : tions are not too severe, these 

Our 16-page ‘‘Felt Design Book’’ describes many grades are also used to make dust 
interesting problems that have been successfully shields. 

: These are 3 of many grades of 

solved by Felters Felt. Write for your free copy. cieue Wanna tare 


THE FELTERS CO., 205 South St., Boston 11, Mass. fic applications. 


FELTERS FELT 


... bythe roll... by the yard 


a .. or cut exactly as you want it 


ee 
@ & 
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one high-voltage contact can also be 
obtained. Polarizing guides are op. 
tional and hoods are available for 
each unit. Socket contacts are spriny 
types which require no C rings; there 
fore, it is possible to insert insulating 
sleeving into the insulator on the 
solder-pot side of both socket and pir, 
contacts. The polarizing guide socket 
is made of beryllium copper and in 
corporates a 4-leaf arrangement; any 
leaf can move independently of the 
others. Insulators are made of asbes 
tos-filled melamine; socket contacts 
are phosphor bronze; pin contacts are 
made of brass. Both socket and pin 
contacts are silver plated, with gold 
flash. Viking Electric, 1061 Ingraham 
St., Los Angeles 17, Calif. 


Circle No. 33, Reader Inquiry Facility, page 24) 


BASES FOR RERATED 
MOTORS 

Available from stock are all-steel ad 
justable motor bases designed to fit 


new sizes of NEMA rerated motors. 
Bases are supplied completely assem. 





bled and with a cadmium-plated 
adjusting screw. Features of the non 
breakable base are two-piece con 
struction and light weight. The Overly 
Hautz Co., 11500 Madison Ave. 
Cleveland 2, Ohio. 


Circle No. 34, Reader Inquiry Facility, page 24! ' 


SMALL BALLAST 


Ballast for switch-and rapid-start flu- 
orescent lamps has a nominal height 
of 1% in. and is approximately 10 pes 
cent lighter than previous models 





Long side panels facilitate heat dis 
sipation when in contact with the fix 
ture wiring channel. The ballast leads 
extend through elongated slots located 
Ys in. from the base and half-way be- 
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CROUSE-HINDS CONDULET 


ACY dace Reet 
helps maintain efficiency in today’s 


This high speed cigar wrapping machine literally 
pours out a stream of banded and wrapped cigars 
at the amazing speed of 120 perminute! The manu- 
facturer selected Crouse-Hinds tough, cast metal 
Obround and FD Condulets for the job of controlling 
the operation and protecting the wiring to assure 
uninterrupted production ...a vital consideration 
in the design of all production machinery. 


The 5-gang Type FD Condulet a a con- 
tains a Start-Stop pushbutton station, 3 snap 
switches, a small motor switch and 3 convenience 
outlets. A wide variety of covers permits almost 


unlimited combinations of devices in multi-gang FD 
and FS Condulets. 


CROUSE-HINDS COMPANY 
Syracuse 1, N.Y. 


OFFICES: Birmingham — Boston — Buffalo — Chicago — Cincinnati — Cleveland — Dallas 
SIDENT REPRESENTATIVES 


The Condulet line consists of thousands of types 
and sizes of electrical conduit junction bodies, light- 
ing fixtures, plugs and receptacles, switches, con- 
trols,and circuit breakers for use on machinery. 


The complete line includes Vaportight, Dust-Tight 
and Explosion-Proof equipment, which provide 
electrical protection for machines used under ordi- 
nary and hazardous conditions. The trademark 
CONDULET stands for highest quality and relia- 
bility. Send forthe Condulet Catalog. Tell us your 
electrical problems, Crouse-Hinds Engineers will 
gladly make specific recommendations. 


POEL ster sn ate tm 

Distribution . 
‘Through Electrical 

Wholesalers 


- Denver — Detroit — Houston - ae Kansas City — Los Angles 
Milwoukee — Minneapolis — New Orleans — New York — Philadelphia — Pittsburgh — Portland. Ore. — San Francisco — Seattl 
RES: 


— St. Louis — Tulse — Washington. 


Albany — Atlanta — Baltimore — Charlotte — Corpus Christi — Richmond. Va — Shreveport N y 


Crouse-Hinds Company of Canada. Lid. Toronto, Ont 


CONDULETS : TRAFFIC SIGNALS : AIRPORT LIGHTING - FLOODLIGHTS 
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tween the center mounting slot and 

the corner mounting holes. This lead 

arrangement is said to provide easier 
mounting regardless of the type of 

| mounting used. General Electric Co., 
1 River Rd., Schenectady 5, New 
York, 
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AC SWITCHES 

Designed for continuous heavy-duty 
service, line of Super Switches are 
UL-listed for use up to fully rated ca- 
pacity on fluorescent (inductive) loads 
at voltages ranging between 120 and 
277 volts; they may also be used up 
to full capacity on incandescent loads. 
a swell as up to 277 volts on motor 
loads at 80 per cent of switch current 


QO 
4 OE) 


a 
> 





,- 





—VICKERS RECTIFIERS 


help manufacturer enter new market rating. Switches sre available with 
the following ratings: 15 amp, 120- 

277 volts a-c and 20 amp, 120-277 

volts a-c. Switches are available in 

PROBLEM SOLUTION single-pole, double-pole, and_ three- 

way arrangements. They are designed 
for back or side wiring. All switch 
mechanisms are completely enclosed. 


Exploring new markets, a manu- A basic group of rectifiers was de- 


facturer found a market for marine signed to meet the requirements of the 
battery chargers. Battery chargers were 


; . . 1 entire line of chargers. Combinations Pass & Seymour, Inc., Solvay Station, 
well suited to his manufacturing facili- . é ; Leann: A. , 
“i arr of these basic rectifiers provide the Syracuse, N. Y. 
ties. In designing the chargers, however, : oe ! 
rectifier problems peculiar to battery- special characteristics required for each rcle Ne. 36, Reader Inquiry Facility, page « 
charger circuits were encountered. It model of charger. Eliminating the use 
appeared that many sizes and types of of many different rectifiers simplified 


rectifiers would be needed to provide MULTE-CIRCUIT SWITCH 
the current and voltage ratings the 


market required. Assembly would be 


assembly and reduced inventories. 
Vickers high-quality rectifiers, designed New switch, Model 2930, is desigied 


high. The manufacturer brought his rectifier engineers, helped this manu- . [oe . 
problem to Vickers rectifier engineers. facturer enter a new market profitably. 


If you are planning a product that requires DC power from AC sources, Vickers 
Selenium Rectifiers offer many advantages. Consult experienced Vickers 
engineers when you have plans or problems. There's no obligation. 


Write for Bulletin 3000 








ICKERS ELECTRIC DIVISION 
pliances requiring multiple - circuit 


VRRERS toc. control. UL-listed for operation at 1% 


A UNIT OF THE SPERRY CORPORATION hp, 115-230 volts a-c, Model 2930 is 
1803 LOCUST STREET e SAINT LOUIS, MISSOURI available in 3, 4, 5, 6, 7, and 8-button 
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Polyken tape 
holds down the cost 
of special harnesses 


CLARK EQUIPMENT COMPANY PRODUCES THEIR OWN SPECIAL 
HARNESSES .. . WITHOUT DELAY AND AT BIG SAVINGS! 


Any variation from the standard wiring harness meant added 
expense and delay for the Clark Equipment Company of Battle 
Creek, Michigan. New blue prints had to be drawn, new speci- 
fications had to be detailed, and special orders had to be placed. 

To speed up the work and cut the cost, the Clark Equipment 
Company now produces all special harnesses right at their own 
plant. With an automatic taping machine and Polyken Tape, 
they turn out tailor-made harnesses quickly and easily. They use 
Polyken Tape No. 822 in 4%” width. This is a highly versatile 
industrial adhesive tape that can be used to assemble harnesses 
in any diameter or any length by machine or by hand. This tape 
has a polyethylene backing that protects the wiring assembly 
from moisture, battery acids and hydraulic oils. 

Although you may not require the same qualities of the tape 
used by Clark, there are many other tapes used for harness 
wrapping in the Polyken line. Eliminate delay and cut the costs 
of your harness wraps this same tested way. 


TAILORED TO YOUR JOB 


Polukerii 


INDUSTRIAL TAPES 


POLYKEN PRODUCTS DEPARTMENT OF THE KENDALL COMPANY 


FEBRUARY 






1954 
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Harness wraps of Polyken Tape 
can be quickly formed with an 
automatic taping machine or by 
hand in any diameter or length 
whenever they’re needed. 


Polyken Tape holds and protects wiring assem- 


blies. Polyethylene backing is non-corrosive, 


solvent resistant and has high dielectricstrength. 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenaeeeeeeeeee 


Polyken, Dept. EM-B 

222 West Adams St., Chicago 6, Illinois 

For physical properties and further informa- 
tion on Polyken Tapes for harness wrapping, 
please send me your FREE BOOKLET, Tape 


its a Tool. 





Name Bre cece Bel Title ca 
Company . 
Street Address -_ 
City Zone State 
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| styles tor push-button selection of two 

to six circuits and “off.” The phenolic 
| push-buttons are available in many 
| colors. Switch can be furnished with 
| either binding-screw terminals or 
manufacturer's quick-connect male 








terminals for wiring connection, Ark- 
| Les Switch Corp., De eet. 119, 51 
| Water St., Watertown 72, Mass. 
ircle No. 37, Reader Inquiry Facility, page 24 
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7 
SPECIALITY LOW-NOISE TRANSISTOR 


| Addition to a line of p-n-p junction : 
| transistors is a low-noise model. Des- 
FOR Tt os « & LE CT RICA L ik D u ST RY ignated Type CK727, it has an aver 


age noise factor of 13 db, an average 





Now, Klein quality pliers are ready for work. All are hammer 
available in new compact pat-  forgedfromhigh-gradetoolsteel, 
ternsforprecisionwiringandcut- individually fitted, tempered, 
ting in confined space. Note, too, adjusted and tested—made by 
the replaceable leaf spring that _ plier specialists with a reputa- 
keeps the plier in open position, tion for quality “since 1857.” 


LONG NOSE PLIER OBLIQUE CUTTING 
307-5-Vel—Extremely PLIER — 210-51 — For 
slim pattern ideal for cutting small wires or 
the really tight spots. trimming plastic. Entire 
Jaws are knurled to in- length of cutting knives 
sure a positive "A works flush against cut- 


ting surface. 5 
or 6-inch sizes. os 


TF 














alpha of 0.97 and an average power 
amplification of 37 db. Raytheon 
Manufacturing Co., Receiving Tube 











‘ZS panel in place of a locknut, miniature 


Y 


CHAIN NOSE PLIER oy LIGHTWEIGHT Div., 55 Chapel St., Newton 56, Mass. 
317-SL—A full inch OBLIQUE CUTTING ite. aa hak scales Seaabiies aod aa 
smaller than standard PLIER 209-5—Smaller 

pattern. Has a very fine than 210-5L with an ex- 

knurl that will not dam- tremely narrow head. ae ae _— rang = 
age soft wire. Also Entire length of cutting MINIATURE SWITCH BOOT 
available with- knives works flush When installed on the exterior of a 
out knurl. JO? 


against cutting surface. fi } 


toggle-switch boot, Hexseal Mode! 
5030, provides both hermetic sealing 
| and fastening. Design incorporates a 
gasket rib, molded as an integral part 
of the boot, which seats against any 








PRINTED CIRCUIT 
PLIER 052-L—Special 
knives shear and crimp 
wire in one operation. 
Crimped wire holds 
loose parts in position 
for dip soldering. 
Knives face operator 
for visual inspection. 
Ask for Bulletin 753. 


TRANSVERSE END 

CUTTING PLIER 

204-6— Useful in pre- 

cision work where or- 4 
dinary oblique or end ; 
cutters are too bulky. < 
Gives a clean, flush cut 4 





f ” 
This Klein Pocket Tool | % W) 7 | 
Guide gives full infor- ASK YOUR SUPPLIER | LA 
mation on all types and ed 
sizes of Klein Pliers. Foreign Distributor: 


A copy will be sent 
without obligation. 


+ aa 


International Standard 
Electric Corp., 
New York 


es 





Established 1857 


3200 BELMONT AVENUE, CHICAGO 18, ILLINOIS 
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YOU SAVE wen you use 
aaa ena 


out of solid metal. 


That’s the expensive way. 








Sure these intricate parts can be machined 





o 





But... these FINISHED MACHINE PARTS are 


being made by OILITE at a Fraction of the Cost. 


Oilite Finished Machine Parts serve the same 
purpose as conventional “machined” parts. 
Their performance is just as good, often 


better, because they can be self-lubricating 


and made to closer precision tolerances. 





Recent achievements by Oilite Research 
have materially broadened the scope and 
application of Oilite Processing. 

AMPLEX 


DIVISION OF CHRYSLER CORPORATION 
Detroit 31, Michigan, Dept. K 


FIELD ENGINEERING, DEPOTS AND DEALERS 
PS ee ee eee ee | 


Oilite Products Include: 


IND Ce tL 
eR LULU ee 
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‘s panel surface to keep out moisture, 
, ay ” "h,, ‘ dust, or combustible vapors. Boots are 
pfs. 5 made of silicone rubber, chemically 
oo oe X bonded to a threaded insert. They 
meet vibration and weather require. 
ments of MIL E-5272A and the re. 
quirements of MIL B-5423. Boots are 
designed for high-pressure _ service. 
Operating temperature range: from 
—80 to 500 F. Dimensions: overal] 
height, % in.; “46 in. between flats, 
Accommodates a toggle bat % in, 
high; mounting thread is %-40. Stand- 
ard color is grey. Automatic & Pre 
cision Mfg. Co., 252 Hawthorne Ave, 
Yonkers 5, N. Y. 


» No. 39, Reader Inquiry Facility, page 24) 
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FLUX FOR SOLDERING 
ALUMINUM 


Two non-corrosive, non-toxic fluxes 
for soldering aluminum have _ been 
developed. One, No. 18, available in 
paste form, is especially designed to 
| solder aluminum with tin, lead, zine, 
: cadmium and their alloys. (Where an 
especially strong bond is required 

















CHICAGO 


eA), CO. SYNE TET TEENAGE MEE E  ePH EE * = 


PRECISION BULBS FOR EVERY MINIATURE LAMP REQUIREMENT— a ee plain zine solder is recommended. 
INDICATOR—RADIO AND TV DIAL—AUTO—MOTOR COACH—AIRCRAFT MB 9:V Lamy fe) 4 € When heated, the solder melts and 
OPTICAL—SURGICAL 


os 
. | spreads over the surface of the metal 
: ott fa 6|)«€wwherever the flux has touched. Any 


1 & | plain solder, torch or soldering iron 
ILL. | can be used. The other flux, No, 24, 
available in powder form, can be used 
for soldering such metals as steel, 
stainless steel copper, brass, nickel, 
silver—as well as aluminum. Flux is 


aa 

7 Vi = 8 S$ said to produce good results on sheet 
> titanium soldered with pure tin. No. 

agnieincn.. 


18 is also suitable for dip soldering. 
Fim Inc., 170 Fifth Ave., New York 


1, N.Y. 
; ; No. 40, Reader Inquiry Facility 
Give us an inch . . . yes, or even half an inch 
in that electric motor of yours and we'll sup- 
ply a NEPCO “Baby” Commutator precision JET-PUMP MOTOR 
e built to your needs. These small but rugged Latest addition to its line of jet-pump 
commutators — not bulky, never balky — give motors is a model rated at 1% hp and 
you superior service for the full life of every weighing 30 Ib. Available in single 
electric motor you make. and polyphase open models, motor 









When the problem is to add years of 
service and superior performance to 
your motors, rely on a NEPCO 
“Baby” Commutator. Sizes from 1/2" 
to 4". Send us your specifications .. . 
today! 





can be mounted either horizontally or 
vertically and conforms to standard 
NEMA mounting and shaft dimen- 
sions. Two NEMA %-in.-diam shafts 
| are offered: a cold-rolled steel shaft 
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NEW NEMA Re-rated FRAMES 


Now ive Production 








FEBRUARY 


BALDOR STREAMCOOLED® MOTORS 
of present NEMA dimensions 

are still available: 

SINGLE PHASE: '%4 to 712 h. p. 

THREE PHASE: 13 to 20 h. p. 


1954 


Smaller NEMA frames e more horsepower e less 
weight e streamcooled e totally enclosed e high 
performance e¢ cool operation e simple design 
compact contour e rugged construction e protected 
ball bearings e polyphase and single phase, integral 
and fractional ratings 





BALTRIC—Single Phase Motors, Capacitor Start, Induction Run, Horizontal 
Enclosed Construction, Solid Mounted, Ball Bearing, 115/230 V., 60 Cyc., 
Continuous Duty, 55° C. ae See 









BALTRIC—Three Phase, Squirrel Cage, Induction Mater, Horizontal Enclosed 
Construction, Ball Bearing, Normal Torque Design B, 220/440 V., 60 Cyc., 
Continuous Duty, 55° C. Rise 






























BETTER MOTORS 


Sold and serviced in more than 350 Trade Centers 


BALDOR ELECTRIC COMPANY @ ST.LOUIS, MO. 
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ELECTRONIC 
DESIGNS... 


y AVION 


FREQUENCY CONVERTER—MODEL 400 


A 400-CYCLE POWER SUPPLY 
BENCH SIZE 


@ Plugs into 60-cycle line 


ae Shey 
ee seat 
ane 


@ Delivers 100 volt-amperes 
@ Output frequency and 
amplitude adjustable 
through entire AN-E-19 
Range: 380-420 cps 
105-130 volts 


i ° ~- 
pee? p3 ceREN sep cag cps sepeeladiia 
° tage Regu aticn: Better than +1% newer factor 
Harmonic Distortion: Total better than 3% \ 


The small size (17” long x 112” wide x 9” high), power output 
(100 V-A), and low cost afford the convenience of using one 
converter for each bench set-up. Four hundred cycle power 
handling capacity need be paid for only as required. 


PRECISION VOLTAGE REGULATOR—MODEL 116 
400-CYCLE 


@ Regulation: +0.01% for Oto 50 VA load variation 
+0.02% for 0 to 100 VA load variation 
(When output set to center of +10% input 
voltage variation) 


@ Developed harmonics: better than 1% 
@ Transient time constant: better than 0.01 seconds 


Low harmonic distortion and 
low transient time constant re- 
sult from the use of a push-pull 
feedback amplifier in the out- 
put. These features, together 
with the unusually high regu- 
lation, suggest the superiority 
of the Model 116 as compared with 
ordinary 400-cycle regulators. 


Send for complete data on these Avion products 


OTHER AVION PRODUCTS 
Altitude & Air Speed Control Units « Electronic Choppers © Electronic inverters ; 
Systems ¢ Miniature Plug-in Amplifier Units ¢ Miniature Prasicion Potentiometers 


x Vat). F 


INSTRUMENT CORP. 


Division of American Car and Foundry Company 


299 Highway No. 17 *® Paramus, New Jersey 








1% in. long with a keyway, and a 
stainless-steel shaft with a standard 
thread. Rated at 3450 rpm, the new 
motor is available for 115-230 volts, 
60 cycles, single phase; and 208-220. 
440 volts, 60-50 cycles, polyphase. 
All single-phase units have automatic 
reset thermal protection. Leads of 
color-coded braidless neoprene, auto 
motive-type grease fittings, and locked 
bearings are among its features. Use 
of a capacitor helps start heavy loads 
and reduces in-rush current. A spe 
cially designed ventilation system 
draws air through the motor to give 
increased cooling. A drip cover is 
available as an accessory. Motor’s in 
sulation system uses polyester film in 
the slots and Formex wire windings 
General Electric Co., 1 River Rd. 
Schenectady, N. Y. 


rcle No. 41, Reader Inquiry Facility, page 24) 


SILICONE RUBBER PARTS 


Custom-molded silicone rubber parts 
for electrically energized equipment 
are being produced to commercial 
and government specifications by 


2 0 © 





@ 


0 “¢ oO 


transfer, injection, and compression 
molding. Manufacturer bonds rubber- 
to-metal to tolerances.as close as 5 
microfinish, using the Permadizing 
process. Stillman Rubber Co., 581] 
Marilyn Ave., Culver City, Calif. 

e No. 42, Reader Inquiry Facility, page 241 








PLIER INSTALLS TERMINALS 


Three lightweight Hytools, Type 
Y-MR, have been developed for the 
installation of insulated terminals and 
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25 WATTS... 
to 500 WATTS... 





The Mallory Line of Rheostats is COMPLETE! 


The complete Mallory line, including the new 
25-watt rheostat, gives you a full range of eight 


different sizes in a wide range of resistance values. 


With Mallory Rheostats, you get the advantage 
of more precise linearity, because of the extreme 
accuracy of Mallory’s exclusive wire winding 


technique. 


Equally important is the long dependable per- 
formance that you can be sure of when you use 


Mallory. Here is why. 


Each Mallory Rheostat is designed 


for adequate ventilation. 


Windings are sealed into position 
around a high quality ceramic core 
by a protective coating of porcelain 


vitreous enamel. 


All current carrying parts are insu- 
lated by dimensionally stable ceramic 
parts. 





You can meet special requirements with Mallory 
Rheostats, too. They are available with variable 
pitch windings for special tapers . . . and in 
tandem construction. Let us send you a copy 
of our new catalog covering detailed specifica- 
tions of the complete line of Mallory Rheostats 
and Vitreous Enamel Resistors. 


< J The hinged contact arm is another 
/ important Mallory feature. 






It permits inspection or replacement of the brush 
without disturbing contact pressure. 


| | 
| | 
| | 
| | 
| | 
| | 
| | 
| Different spring tensions are available to suit the | 
| wire size and requirements of each application. | 
ension spring carries no current. There is no 
| Sinsiiansieniibies eal rt | 
vossibility of annealing during overloads. 
| __ possibility of ling during overload 7 
| A separate spring on the shaft controls shaft | 
| | 
| | 
| | 


torque to your requirements. It is not interde- 
pendent with the contact arm spring. 





Expect more...Get more from MALLORY 


Parts distributors in all major cities stock Mallory standard components for your convenience. 


Serving Industry with These Products: 


Electromechanical—Resistors * Switches * Television Tuners * Vibrators 
Electrochemical — Capacitors * Rectifiers * Mercury Batteries 


Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 
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P.R. MALLORY & CO. Inc 


ALLOR 





P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





terminal block contact tips. A_plier- 
type tool, the Y-MR has a positive. 
action ratchet control that assures 
proper depth of indent and a spring 
return that re-opens the jaws when 
the installation is completed. Its 
| small nose makes possible use in con- 
| fined spaces. The stripped cable end 
| may be inserted into the barrel of 
| the terminal after the terminal has 
| been placed into the nest of the tool, 
| Aslotted stop-plate hold the connector 
‘n the right position for indenting. 
| Tools will indent the connector and 
| close the insulation grip around the 
| cable in one operation. One variation 
| of the Y-MR is designed to instal] 
insulated terminals that take copper 
aircraft wire sizes AN-26 through 


AN-20; another installs terminal block unit 
contact tips on wire sizes AN-20 | and 
through AN-12. Burndy, Norwalk, | Oth 
Conn. | cati 
Circle No. 43, Reader Inquiry Facility, page 241 plu 
| { shal 
| and 
_ HERMETIC RESISTORS Sal 
| Precision wirewound resistors, called and 
| N-CAPS, are encapsulated in a her- Mo 


metically sealed plastics jacket. Re- 
| sistors are made to exceed require- 
| ments of MIL-R-93A. Available are 









TR 
Mo 
tral 
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to 
Your “‘special”’ filter problem An 
may already be a C-D QUIETONE | adj 
stock item. ™ 
Check first with Cornell-Dubilier, the 
world’s largest manufacturer of R.F. 
ATTENUATION FILTERS. The FEED-THRU or 
PI filter you are looking for may already | J 
be a stock item with C-D. For your special | tC 
design and application problems, C-D’s Se 
great filter laboratory and Technical 
Advisory Service is available to you 
without obligation. Write for catalog 
No. 148, describing C-D’s stock line of _ the following military size designa- 
QUIETONE FILTERS, | Some: RB - 16, - 18, 19 sit - 
Cornell DubilirBletre Crp, Dept. H 24 | Gate fase Recon Ress 
South Plainfield, New Jersey. | Hill 18. N. Y. 
rcle Reader Inquiry Facili page 24 
There are more C-D capacitors in use rere * 


today than any other make 


INTERMITTENT DRIVES 


tr 
Now available as completely housed S| 
FILTE RS units, new roller gear drives can be in 





obtained in a wide range of standard al 

and semi-standard models for most it 

intermittent motion and indexing re- fc 

ss: > 4 G2 quirements. The packaged units offer n 

oii aia ce auialeddl cima’ selective assembly for any combina- t 

tion of directions of rotation and for s 

PLANTS IN SOUTH PLAINFIELD. N. J.: NEW BEOFORD. WORCESTER AND CAMBRIDGE, MASS.; PROVIDENCE AND HOPE VALLEY, R. | the locations of shaft extensions. The A 
INDIANAPOLIS. IND.: FUQUAY SPRINGS AND SANFORD. N. C.;: AND SUBSIDIARY. THE RADIART CORPORATION. CLEVELAND. OHIO 
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units can be mounted in any position 
and secured by any one of 5 sides. 
Other features include a splash lubri- 
cation system with drain level and fill 
plug, anti-friction bearing support of 
shafts, rigid cast housing construction, 
and tapered output shafts with key- 
ways for the mounting of driven parts. 
Roller Gear Div., Ferguson Machine 
and Tool Co., Box 191, St. Louis 21, 
Mo. 
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TRANSFORMER WINDER 


Model 147-AM_ winds heavy-duty 
transformer coils and all types of 
heavy-duty field coils and bobbins up 
to 10 in. long and with a 16 in. OD. 
An infinite number of wire spacing 
adjustments: throughout the entire 
range is made possible by a variable 





transmission. Winder’s 1%4-in.-diam 
spindle is designed to withstand all 
impacts necessary to form insulation 
around heavy transformer windings; 
it is supported by taper roller bearings 
for free running and long life. A six 
months’ supply of lubricant is con- 
tained in the winding head. Wire 
sizes handled range from 5 to 18 
AWG. Winding speed is 5 to 85 
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SMOOTH 





SMALL 
MOTORS 






FOR ALL 
APPLICATIONS 


(1/60th to 1/500th H. P.) 


INCLUDING 


Ventilating Fans Remote Tuners 
Dictating Machines Bathroom Heaters 
Room Circulators | Vending Machines 


Recording Animated Signs 
Instruments —* 


Centrifugal Pumps Record Changers 





Complete information, including specifications 
and dimensions will be mailed promptly 
upon request. 





THE GENERAL INDUSTRIES co. 
DEPARTMENT ML ec ELYRIA, OHIO 
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rpm. The %4-hp variable speed motor 
operates on 115-230 volt, 60 cycles. 
single phase. A foot treadle varies the 
winding speed. Other features include 
an automatic counter that permits in- 
stant re-setting of the winding cycle 
by a lever. Winder also has a positive 
stopping magnetic brake, which elimi- 
nates main cause of coil rejection by 
winding accurately to turns and 
then stopping automatically. Braking 
power may be increased or decreased 
| by turning a dial. Geo. Stevens Mfg. 
| Co., Inc., Pulaski Rd., at Peterson, 
| Chicago 30, IIL. 


e No. 46, Reader Inquiry Facility, page 24 


q 
emo) fF 


ve Oe -TaRTO MAAR ee mea TaD 


FOOT SWITCH 

Foot switch, the Executive, contains 
| two switches and a mechanical inter- 
| lock. When pivoting from the center, 
| only one circuit can be operated at a 
| time, thus eliminating the possibility 


LT OT TL LEC TG LTC Ae 


Built to JAN-R-19 Spec’s 
series 


L-400 


potentiometer 





The moderately priced precision potentiometer that 


of accidental tripping of two circuits 
incorporates features of more expensive models 





ay 


See the De JUR line at Booth 200, “Production Road,” Radio Engineering Show, March 22-25. 
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Miniaturized (only 15e” diameter) for military. air- 
borne instrumentation and similar applications 
Built to rigid JAN-R-19 and Air Force specifications 
300° electrical and mechanical rotation 

Linearity up to 0.1% 

5 to 125,000 ohms 

Available with on-off switch 


at the same time. Either switch, or 
both, may be wired as normally open 
or normally closed, single pole, dou- 
ble throw. Linemaster Switch Corp., 
428 Woodstock Terrace, Woodstock, 
Conn. 


Ganging up to 10 units ircle No. 47, Reader Inquiry Facility, page 24 
Many models ard special designs available 
For further information write DeJUR-Amsco Corpora- FUSE PULLER-TESTER 
tion, Dept EML-2 :5-01 Northern Boulevard, Long ; 
island City 1, New York As a fuse puller, the Hi tester and 


S wag 
oo) 
AU Te leu 


POTENTIOMETERS + CONNECTORS + METERS 


UR-AMSCO CORPORATION 
NORTHERN BLVD 2S eee Oe ae | 





fuse puller can insert and remove 
cartridge fuses rated up to 100 amp. 





It prevents the bending of clips 
through improper removal, and may 
also be used for handling live elec- 
trical parts. As a tester, it may be used 
on circuits rated from 100 to 600 
volts, a-c or d-c. Containing several 
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Fansteel 
SELEI 


{ 


me Preference! 


Tite Tatars 
Data 


FANSTEEL METALLURGICAL CORPORATION, NoprtH CHICAGO, ILLINOIS, U.S.A. 
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1. 40 oz. in. torque at 1 RPM 6. Sealed lubrication. 


. Coils for 24, 110, 220, 440, 


and 550 volts (Without resist- 
ors or transformers) 


3. Frequencies—60, 50 and 25 
cycle 
4. Wide selection of output 


speeds from 1800 to 1/6 RPM 
For ambient temperatures 


. Mount in any position 


Uses accurate machine cut 
gears 


. Power input 


Model 50 — 7 watts 
Model 52 — 10 watts 
Model 56 — 10 watts 





— 20°F. to + 120°F. 











NEW BULLETIN 1053 


10. Ground and polished steel 
shafts. 


The Hagen Motor is designed for 
industrial use where a synchronous 
motor heavier than the clock-type 
is required. 


Extensive research has developed 
the Model 50 motor which incor- 
porates many new features to... 


SOLVE your motor problems. 


Subsidiary of EAGLE SIGNAL CORPORATION 
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design improvements, Hi tester and 
fuse puller is made of transparent red 
Tentite, a plastics material said to 
possess high dielectric strength and to 
be unbreakable in ordinary usage, 
Inside surfaces of jaws are serrated to 
provide a positive grip; handles are 
corrugated to fit the fingers. Neon test 
light contains two electrodes and a 
resistor. When testing circuits, one 
electrode glows on d-c; both glow on 
a-c. Overall length of tool, 7% in.- 
weight, 3 oz. Holub Industries, Inc., 
Sycamore, Ill. 

rcle No. 48, Reader Inquiry Facility, page 24] 


DIODE CLIPS 


Designated Series No. X2090, clips 
are designed for diodes having nomi- 
nal pin diameters of 0.079 in., but 
will accommodate those with a 0.069 
to 0.085 in. diam. Design provides 
good gripping power, with resulting 
low contact resistance. Three styles 
are available: X2090-A, with feed- 
thru solder lug; X2090-B, with solder 





lug for top wiring; and X2090-C 
without the solder lug, for printed- 
circuit applications. Material is beryl- 
lium copper, heat-treated after form- 
ing. Clips, which are installed by 
means of a rivet, have a maximum 
width of %6 in. and stand “2 in. 
when mounted. Cambridge Thermi- 
onic Corp., 447 Concord Ave., Cam- 
bridge, Mass. 

Circle No. 49, Reader Inquiry Facilit 


Postcarps are provided on page 
243 as a convenience to the read- 
er in obtaining Feature Article 
Reprints, additional data on New 


Components and Materials, manu- 


facturers’ copies of Literature for 


the Asking, and additional infor- 


mation on Advertised Products. 
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first name in special purpose steels 


PERMANENT ALNICO MAGNETS 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


STAINLESS* REX HIGH SPEED* TOOL* ALLOY* MACHINERY * SPECIAL PURPOSE STEELS 


FEBRUARY 1954 213 








moe 


ANOTHER 





214 


Jt eh 





Sprague Helped Make This Dynamotor 
Radio Noise-Free 


— 


Photo Courtesy LearCal Div., Lear, Inc. 
Los Angeles, Cal. 


PROBLEM+VHF radio transmitters and receivers (Model 
LTR-G), 4s well as Automatic Pilots (Model L-2), both 
manufactered by the LearCal Division of Lear, Inc., for 
use in bubiness and private planes, were originally de- 
signed to tse a Dynamotor Power Supply (Model LD-S). 
However, early in the development of this precise air- 
borne gear, Lear engineers discovered that arcing of 
the commutators in the Dynamotor caused intolerable 
radio frequency noise. 


APPROACH—Lear gave Sprague’s Radio Noise Suppres- 
sion Labs in Culver City the problem of designing a 
special filter to meet Lear’s difficult specifications as to 
size, weight, and performance. 


SOLUTION—Sprague Labs designed a tailor-made filter 
to meet all requirements and completely eliminate the 
electrical motor noise. 


PRODUCTION SCHEDULES for such filters designed by 
Sprague’s California labs are regularly met by Sprague’s 
extensive pilot plant and mass-manufacturing facilities, 
the former for those sizzling rush orders, the latter for 
volume needs. For help with your radio noise filter 
applications, write, wire, or phone Sprague Electric Co., 
11325 Wahshington Blvd., Culver City, Calif. (TExas 
0-7491) or North Adams, Mass. (MOhawk 3-5311). 
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Laboratory 


and 
Engineering 


Equipment 
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SONIC ANALYZER 


Designed for rapid waveform analy- 
sis, sonic analyzer, LP-1, can be used 
for studying noise sources in air-con- 
ditioning equipment and electric re-. 
frigerators, and for testing high-fidel- 
ity, and other units. LP-l is a 
scanning heterodyne instrument that 
automatically separates the frequency 
components of a complex audio wave 
and simultaneously measures their 
frequency and magnitude. High-speed 
sampling and visual presentation of 
the audio spectrum permits observa- 
tion of changes in energy distribution 
either while the waveform varies er- 
ratically or while design constants are 
altered. This method removes the 
chances of skipping past weak or high- 
frequency components and _ permits 


getty 
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measurement of individual distortion 
components rather than total distor- 
tion alone. The LP-1 electronically 
tunes once a second from 40-20,000 
cps at a logarithmic rate. As the wave | 
components are progressively tuned 

| through, they are spectographically 
displayed on a_ cathode-ray-tube 
screen as vertical deflections (pips) 
distributed horizontally in order of 
frequency. Height of each deflection 
indicates either the relative or the 
absolute magnitude of its correspond- 

| ing component. Use of a long-persist- 
ent screen provides a continuous 
overall view of the spectrum. 

| LP-1 has provisions for three 
linear scanning widths of 100 cps and 
1500 cps. The center frequency of 
each of the linear scan ranges is se- 

| lected through a variable, center fre- 
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They needed a plastic that was 
light weight, attractively finished 
and dimensionally stable. 
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KOPPERS POLYSTYRENES 


Type 3 
Type 7 
Type 8 
MC-185 
MC-301 


MC-305 
MC-309 


MC-401 


MC-405 
MC-409 





General Purpose 
Polystyrene 

Improved Heat 
Distortion Temperature 
Highest Heat Distortion 
Temperature 

High Impact, Lowest 
Water Absorption Rate 
High Impact, Improved 
Heat Distortion 
Temperature 

High Impact, Easy Flow 
High Impact, Highest 
Heat Distortion 
Medium Impact, 
Improved Heat 
Distortion Temperature 
Medium !mpact, 

Easy Flow 

Medium Impact, Highest 
Heat Distortion 
Temperature 


ERE is a G.E. All-Purpose Portable 
Fan, winner of the Home Safety, 
Home Fashion and Industrial Design 
Awards. The plastic housing is light 
weight, attractively colored and 
smoothly finished for easy cleaning. 
And because of its dimensional stabil- 
ity, Koppers Polystyrene 31 permits an 
exact fit of the housing and grill. 
Whatever your plastic requirements 
you can depend on Koppers Polystyrene. 
Koppers makes ten types of polysty- 
renes, each one for a specific job. If you 


KOPPERS 


® 





Molder, Prolon Plastics, Florence, Mass. 


would like to get qualified engineering 
advice about the specific Koppers Poly- 
styrene that will help make your product 
better and help you lower your produc- 
tion costs, call or write your nearest 
Koppers Office. 


Color 1 equul ements 7 


Koppers booklet “Color in Plastics” 
shows how the science of color engineer- 
ing is used in the manufacture of Kop- 
pers Polystyrenes. Write for your free 
copy today. 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


KOPPERS COMPANY, INC., Chemical Division, Dept. EM-24, PITTSBURGH 19, PENNSYLVANIA 


SALES OFFICES: NEW YORK * BOSTON ° PHILADELPHIA * ATLANTA * CHICAGO * DETROIT * LOS ANGELES 
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MINIATURE BALL BEARINGS 
ARE NOW 







One of the new RMB R-2 size bearings. 
RMB Type RF 864 S-5-14, ABEC-5 tolerance, 
1 piece snap-type ball retainer. For low 
torque, medium speed applications. Also 
available with 2-piece ribbon-type ball 
retainer for higher speeds. 


Bring Your Miniature Bearing Problems to RMB 


RMB R-2 size bearings are just a part 
of our complete line of over 250 
miniature and instrument bearings 
which are available for prompt ship- 
ments, with experimental quantities 


available immediately from stock. 
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Panos cer 


Filmoseal capillary 
type closure 


Write for your copy of Data Sheet 
R-21, 


specifications on R-2 size bearings; 


which gives full details and 


or our General Catalog 12 which 
tells the story on the rest of our line, 


as does our catalog in Sweets’ Files. 


* 0D—0.3750", Bore—0.1250”, 
and Width—0.1562”. 


45 West 45th Street, New York 36, N. Y. 


INCORPORATED 


Including RMB’s exclusive — 


| 
| 


| 
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quency tuning control, calibrated 
from 0 cps to 20 ke. In the linear 
modes of operation, it is possible to 
select and spread out, or magnify, 
narrow bands located anywhere be- 
tween 40 cps and 20 ke; band mag- 
nification makes it possible to analyze 
components separated by as little as 


25 eps. Panoramic Radio Products. 
Inc., 10-16 South Second Ave., Mount 
Vernon, N. Y. 

Circle No. 50, Reader Inquiry Facility, page 24] 


EXPANDED SCALE 
VOLTMETER 


Expanded scale voltmeter for measur- 
ing transformation ratios of transfor- 
mers, synchros and_ resolvers is 
equipped with separate inputs for 
primary and secondary voltages of 





57.3, 78, 90, 105 and 115 volts. Pri- 
mary or secondary voltages are se- 
lected by a switch. Accuracy is +0.1 
per cent of input voltage, with input 
impedance 10,000 ohms per volt. 
Arga Div., Beckman Instruments, 
Inc., 220 Pasadena Ave., South Pasa- 
dena, Calif. 

Circle No. 51, Reader !nquiry Facility 


LOW-TEMPERATURE 
CHAMBERS 


Sub-Arctic line of low-temperature in- 
dustrial chambers is now available in 
five standard and with 


sizes work 





spaces ranging from 1 to 12 cu ft. 
Chambers use only “safe” Freon re- 
frigerants for all temperature ranges. 
They are designed for operation at 


MANUFACTURING 
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CAPACITOR MOTORS — Quietness and low mainte- SPECIAL TYPE MOTORS — Vertical motors, flange 
nance recommend this motor. Simplicity of construction motors and a great variety of other special types are 
permits fewer wearing parts and service is practically being produced for many of the nation’s leading equip- 
eliminated. ment manufacturers. 


REPULSION MOTORS—Repulsion start- 
induction run or repulsion induction (no 


e short circuiting mechanisms) are drip- 
quired. Peerless Polyphase motors use a proof, rugged sleeve or ball-bearing 


laminated steel and copper rotor that is type. All features and construction meet 
practically indestructible. NEMA standards. 


‘ 
Peerless Electric specializes in designing and building 
; ie custom-built electric motors for quality equipment manufacturers. 


POLYPHASE MOTORS — Economical in 
operation and little maintenance re- 


e 
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The simple, 
aie EL CULL 
(accepted for years 
by engineers) keeps 
bolted assemblies 
PERMANENTLY 
TIGHT 


SPRING 
ERT Ea 


BEALL Helical 
Spring washers com- 
art: 1 Mime east) 
of looseness—vibration, bolt 
stretch, wear under bolt and 
nut head, and pulverizing of 
paint, rust or scale. 


TT TGR RR 
la) )-loleeM- M Rul teh 
Jerse N ila 


40, —80, —100, —120, —1509 
and —170 F, depending upon wy 
quirements. Models operating at 
—150 and —170 F are equipped 
with manufacturer’s compressors de- 
signed for handling Freon in very 
low temperature systems. Chambers 
can be equipped with program con- 
trols which automatically cycle tem- 
peratures according to preset patterns. 
The Sub-Arctic also can be designed 
to produce high temperatures in ad- 
dition to low ones. It can be equipped 
with air- or water-cooled condensers. 
Castor mountings are available. Ten- 
ney Engineering, Inc., 27 Ave. B, 
Newark 5, N. J. 


rcle No. 52, Reader Facility, page 241] 


ATMOSPHERE 
CONTROL CABINET 


Designed for testing materials and 
components, redesigned Model 15-DF 
atmosphere control cabinet has an ac- 
curacy of +1 per cent for both tem- 
perature and_ relative humidity. 
Range extends from 20 to 200 F: 
relative humidity from 18 to slightly 
under 100 per cent for all tempera- 
tures above 50 F. Design is said to 
prevent condensation on _ products 
being tested even when humidity is at 
95 per cent and above. The cabinet 
is equipped with either electronic or 


electromechanical automatic tempera- 
ture and humidity controls. These may 
be used to control the temperature 
and humidity in the cabinet over a 
pre-determined cycle, or to control a 
selected value of definite tempera- 
ture and humidity for an indefinite 
length of time. Feature is that the 
air circulates between the two inside 
walls of the cabinet before it enters 
the cabinet itself, thus providing not 
only accurate temperature and hvu- 
midity throughout the cabinet, but 
also very low air velocity over the 
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vay 
‘ 


JAN-C-76 
WIRES" 


SRIR, SRHV, SRRF, WL 


_ 105°C, 90°C, 80°C 
eee UL APPROVED; 
*Solid colors or spiral marking 120°C 


FLEXIBLE ee 








“ 












cor 
TV LEADIN | 
WIRES 
COMMUNICATION 
WIRES & CABLES 
TO SPECIFICATIONS © 
. LACQUERED «i 
Extra shifts, not speed-ups are ————— eng AND oe 
the way Chester catches up on NYLON WIRES pate 
production to meet your deliv- * 
ery dates. Chester Wires and 
SHIELDED = 
¥ Cables are never rushed WIRES & CABLES 
: through...every foot is qual- Ce 
: ity controlled according to the 
: highest standards known to | 
the industry. This is the reason ee : woe be 
Chester Wires and Cables are ‘ be 
of uniform quality, always de- be 
pendable, whether you use a bei 
COAXIAL fe 
foot or a spool. For an extra CABLE | 
measure of reliability, specify C. e | 
Chester, for your next electri- bs - | 
| cal or electronic requirements. SPECIAL a 
| WIRES & CABLES 
TO SPECIFICATIONS | 
Lae eae Lea ae ee 
Contains complete information on INC ; Fe 
f Chester Quality Conductors. Call or ‘ ne 
‘ write for yours, today! r 
e ‘ | 
° Recommendations willbe made 
| without obligation. ~e 
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materials being tested; variable air 
velocity over some materials may af- 
fect the results. Heating wires be- 
tween the panes in the thermopane 
glass door, as well as in the door jams, 
eliminate any chance of condensation 
on the test products, walls of the 
cabinet or the inside of door or door 
jams. A Freon compressor, as well 
as heating coils and dehumidity ap- 
paratus, are included with the cabi- 
net. Package Materials Laboratories, 
Inc., 5315 Chester Ave., Philadelphia, 
Pa. 


e No. 53, Reader Inquiry Facility, page 24] 


Worthington Pump Used 







in Billet Desecaling 


INSULATION TESTER 


Designed for testing up to 30,000 
volts a-c, Model 573A Hypot pro- 
vides a-c output voltage continuously 
variable from 0-30,000 volts at 1 kva 
capacity (1.5 kva intermittent). Input 
is 115 volts, 50-60 cycles. Features 
include: use of a 4% in. output trans- 
former connected directly across the 
secondary, so that the output voltage 
indication is not dependent on trans- 
former design for accuracy. Short- 
circuit protection is provided by a 


eee = "id aca 


is powered by Star-Kimble Motor | 


This Worthington 2%,” by 12” plunger pump, shown installed at the 
South Bend Plant of the Oliver Corporation, produces the air pressure 
needed to force water through the nozzles of a Worthington descaling 
system. Billets are fed into the descaling cabinet at the rate of 125 an 

hour. To maintain uninterrupted production flow at this rate of descal- 

ing calls for an unfailing supply of water to the nozzles of 110 gpm at 
2,500 psi. To power the pump for this service, Worthington selected a 
Star-Kimble squirrel-cage motor. 





manually reset, primary circuit break- 
er with secondary trip. Excess leakage 
current in the test circuit is indicated 
by a panel-mounted neon lamp. 
Model 573A also has a non-locking 
“push-to-test” button, a high-voltage 
stand-off insulator, and a ground ter- 
minal on top of the case. Use in- 
cludes testing motors, transformers, 
and other units. Dimensions are 21 x 
| 16 x 18 in. Weight, 178 lb. Asso- 
| ciated Research, Inc., 3794 W. Bel- 


For information on standard squirrel-cage motors, write for Bulletin B-201. | mont Ave., Chicago 18. 
| 
| 
| 





IN ADDITION 





cs . 7 ircle No. 54, Reader Inquiry Facility, page 241 
Standard and special motors of all types, 1 to 125 hp; generators 


and motor-generator sets, 1 to 100 kw; Marine motors 4% to 125 hp. 


PORTABLE TESTER FOR 


e | ELECTRONIC CIRCUITS 
Star-Kimble | The Dynamic Serviset is a compact 


MOTOR DIVISION | circuit analyzer for locating faults in 
| electronic equipment. The set con- 

sists of a multi-purpose testing device 
| that can be held in the hand, probes, 
| earphones and clip leads. The tester 





of Miehle Printing Press and Mfg. Co. 





206 Bloomfield Avenue Bloomfield, New Jersey 
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Engineered by 
Specialists 

to meet your needs 
and specifications 


i 


Every Kopp Glass Lens is designed to meet 
some special set of conditions, made to meet exact 
specifications, and checked to assure complete com- 
pliance with all requirements. 

The specialized knowledge needed for these opera- 
tions has been developed through many years of 
specialization in the engineering and manufacturing 
of lenses. Kopp Laboratories are staffed and equipped 
to study your requirements and to develop lenses, 
color filters and roundels that accomplish your 
objectives. Manufacturing functions are performed 
by men skilled through long experience in the 
various operations. 

This complete organization is at your service 
whenever you have a problem involving lighting 
glassware. 
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Low in Cost 





No false contacts 





No chatter 


Quiet 





+ + + 


in operation 


STEEL MERCURY TIMERS 







The steel-clad factory set Durakool timer- 
relay operates in “sealed in” hydrogen under 
pressure, with mercury to mercury contacts. 
Timing is tamperproof, Non-breakable and 
built for millions of contacts. Fixed time 
delays available from 1/6 to 20 seconds, # 
either normally open or normally closed ff 
action, 


See Telephone Directory for Local Distributor or 


write 
Elkhart, Indiana 


Durakool, Inc. 





Modern electro-mechanical 
equipment can be no_ better 

than its components. Of these, 

gears and gear trains are among 

the most important. Consult 

Bowmar when you need them. 


SEND FOR DESCRIPTIVE LITERATURE, DEPT, EM-4 
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serves as an r-f and a-f signal tracer; 
an a-c or d-c pulse voltage indicator 
with ranges of 0-60-550-20,000 volts: 
a low resistance continuity and short 
circuit indicator in the 0-5 ohm range; 
and a high resistance continuity in- 
dicator for ranges of 0-50,000 ohms- 
20 megohms. The tester can be used 
also to check capacitors of from 
0.00025 to 12 mf for shorts, open 
circuits, leakage or intermittents at 
their rated voltages. The device is 
complete in itself and does not re- 
quire a vacuum-tube voltmeter or 
oscilloscope for its use. Lee Elec- 
tronics Labs., Inc., 75 Pitts St., Bos- 
ton 19, Mass. 

Circle No. 55, Reader Inquiry Facility, page 241 


ULTRASENSITIVE VTVM 

Voltmeter, Model VM-81 has a 50 mv 
full scale reading on its lowest range. 
There are 11 range positions, the 
highest being 500 volts, and an input 
resistance of 50 megohms on all 
ranges. This resistance allows milli- 
microamperes to be read directly. 
Added advantage is stability against 
line voltage variations and long term 
drift. Overall accuracy is 3 per cent 


of full scale on all Features 


ranges. 





also include ability to read directly 
across germanium diodes and the out- 
put of photo-transistors; it can also be 
used for reading the output across 
thermocouples. In the latter connec- 
tien direct reading in millivolts is pos- 
sible with little current drain from the 
thermocouple. Power input is 115 


volts, 60 cycles, approximately 25 
watts. Scientific Specialties Corp., 
Snow and Union Streets. Boston 35, 


Mass. 

Circle No. 56, Reader Inquiry Facility, page 241. 
Postcards are provided on page 243 as a 
convenience for readers in obtaining 
single copies of Feature Article Reprints. 
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SERVES CINCINNATI 


and a THOUSAND TOWNS BEYOND 


This mill finds a ready market in the 
Queen City just across the Ohio River. 
Yet Newport serves many even larger 
territories throughout the expanding 
Midwest and South. Over rail and river 
and highway there flows a steady stream 
of coils and sheets, line pipe, roofing and 
siding, galvanized sheets, culverts, and 
all the other high-grade Newport prod- 
ucts which customers over 68 years have 
come to prefer. New and modernized 
facilities, able management and experi- 
enced steelmakers, and nearness to 
America's fastest growing market for 
steel products, make Newport a most 


logical source of supply. 












ECONOMICAL WATERAIL DELIVERY 


Newport Steel is situated on the Mississippi-Ohio 
River system and the great Cincinnati rail hub. 


PRODUCTS OF NEWPORT STEEL 


With the advantage of location, new river barge 

Hot-Rolled Steel in Coil Hot-Rolled Pickled facilities and seven major railroads, Newport 
Hot-Rolled Pickled Steel Sheets gives economical, dependable delivery to indus- 
in Coil Electrical Sheets trial areas throughout the Middle West and South. 


Electric Weld Line Pipe Alloy Sheets 


Hot-Rolled Sheets Roofing and Siding 
Galvanized Sheets Eave Trough and & 
Galvannealed Sheets Conductor Pipe i 
; ; ¥ Oo ee ~ 7 
Colorbond Sheets Culverts ; ye } a, 
a a se ' Se ae es ; 
eo Lety f sad ws huff 7 
fy : a diy % CORPORATION 


> 


NEWPORT, KENTUCKY 








Variable Frequency 
Alternator Powered 
By Speed -Trol 


Speed-Trols are being used as 
the drive on our variable fre- 
quency induction alternators be- 
cause they provide the infinite 
speed variation, wide speed 
range and positive adjustment 
of pulleys required to assure ac- 
curate frequency selection over 
a wide range with a high degree 
of uniformity at any selected 
frequency, reports Mr. Zonne of 
American Electric Motors, Inc, 
Los Angeles. 


STERLING SPEED-TROL 





OUTSTANDING FEATURES: 


Infinite speeds—positive speed regula- 
tion—fingertip control—large indicator 
—positive pulleys—no springs— 
belt tension in proportion to load 
— protected — streamlined — Herring- 
bone Rotor — through ventilation — 
versatile mounting — NEMA dimensions 
—shock absorbing —quiet operation— 
rugged — compact — dependable — 
long life. 


20-page illustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 
Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No. B-417. 


TERLING 


ELECTRIC MOTORS 


Plants: New York Cily 51; Chicago, Illinois; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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Literature for the Asking 





To obtain copies of these publications 
circle item number on postcard in Reader 
Inquiry Facility, page 241. 


SPEED CONTROL — Variable speed 
drives with fractional- and integral- 
horsepower capacities are described in 
an 8-page bulletin. Data are presented 
on Motodrives containing a motor, 
speed-changing mechanism and gear 
reducer; Flexi-Speed variable speed 
units; variable-speed transmissions; 
and adjustable motor pulleys. Avail- 
ability of a wide variety of controls 
and indicators is pointed out. Design 
features are discussed; illustrations are 
included. Reeves Pulley Co. 

Circle No. 57, Reader Inquiry Facility, page 241. 


THIN-GAGE STRIP METALS-—Illus- 
trated six-page folder describes the 
commercial availability of many thin- 
gage ferrous, non-ferrous and precious 
strip metals held to close tolerances. 
Also included is a list of thickness 
tolerances to which manufacturer can 
hold beryllium copper strip gages. 
Applications are given and manufac- 
turer’s facilities are described. Ameri- 
can Silver Co., Inc. 

Circle No. 58, Reader Inquiry Facility, page 241 


RECORDING EQUIPMENT — Data 
recording equipment, accessories and 
supplies are described in a 4-page 
condensed catalog. Combinations of 
recorders and available units can pro- 
vide complete systems with up to 10 
channels. Edin Co., Inc. 

Circle No. 59, Reader Inquiry Facility, page 241 


KEL-F BUYERS’ GUIDE — Seventy- 
five U.S. and Canadian sources of Kel- 
F materials, finished products and 
services are listed in a 16-page book- 
let. Guide is divided into five sections, 
one of which contains complete com- 
pany names, addresses, and individual 
to be contacted. The M. W. Kellogg 
Co. 

Circle No. 60, Reader Inquiry Facility, page 24] 


RELAY SYMPOSIUM PAPERS — 
“Symposium on Electro-Magnetic Re- 
lays,” contains a selection of papers 
read at the Symposium on Electro 
Magnetic Relays, held at Oklahoma 
A&M College. Various phases of relay 
design and applications are among the 
topics covered. Among the authors 
are specialists serving the government, 
relay and original equipment manu- 
facturers. Potter & Brumfield. 


Circle No. 61, Reader Inquiry Facility, page 241 


ELECTRICAL, INDUSTRIAL 
PRODUCTS-— Sections of a new edi- 
tion of a 40-page industrial products 
catalog are devoted to electrical tapes 
and parts, packings and gaskets, in- 
sulation and other products. Con- 
struction details, specifications and 
applications are covered in detail, 
Photographs and diagrams are includ- 
ed. Johns-Manville. 

Circle No. 62, Reader Inquiry Facility, page 24] 


PROTECTED MERCURY SWITCH- 
ES—Data sheet, No. 90, describes a 
series of glass tube mercury switches 
which are embedded in solid wax or 
plastics surrounded by metal or phe- 
nolic cases. Coverage includes ratings, 
specifications, and applications. Micro, 
Div. of Minneapolis-Honeywell Regu- 
lator Co. 

Circle No. 63, Reader Inquiry Facility, page 241 


SERVO VALVES-—Series of propor- 
tional-type, electrically actuated hy- 
draulic four-way valves are described 
in an illustrated 4-page pamphlet. 
Applications, including use on ma- 
chine tools and in servo systems, are 
covered. Design features are discussed 
and specifications are provided. The 
Moog Valve Co., Inc. 

Circle No. 64, Reader Inquiry Facility, page 24}. 


PLASTICS FILM CAPACITORS — 
Data on a variety of capacitors using 
plastics films as dielectrics are pre- 
sented in a 4-page pamphlet. Appli- 
cations, characteristics, and ratings of 
each type are presented. Information 
is also provided on a series of poly- 
styrene capacitors and hermetically 
sealed, low-current high-voltage pow- 
er supplies. Plastic Capacitors, Inc. 
Circle No. 65, Reader Inquiry Facility, page 241 
HIGH-CURRENT TEST UNITS — 
Described in a 4-page brochure are 
portable test units for calibrating and 
testing current-actuated devices, in- 
cluding current transformers, motor 
starter overload relays and other units. 
Features and other data are covered. 
Multi-Amp Corp. 

Circle No. 66, Reader Inquiry Facility, page 241. 
GERMANIUM DIODES—Two bulle- 
tins provide data on six point-contact 
germanium crystal diodes sealed in 
glass. Included are: IN38-A, a large 
signal type useful in electronic com- 
puters; IN54-A, featuring high back- 
resistance; IN55-A, a large-signal type 
having a high peak resistance; and 
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7 PRE] a ow-FEEDER 


ae 

en a — Y : A proved method based on the VIBRATORY PRINCIPLE. Pro- 
[or J =] Q3.. s J) . . . . . . . . 
Nn os % Wi vides fully automatic, oriented, single line feeding to Grinding, 


ii ae ae 

ho Soi. ae Packaging, Inspecting and many other automatic machines and 
J A 4 y 
; operations. Will scientifically feed light, fragile parts that nor- 


mally could not withstand tumbling. 


BARREL- 
FEEDER 


For years our popular unit, 
successfully used in thousands 
of plants to help speed pro- 
duction and reduce costs. They 
were designed with the idea 
of simplicity in operation and 
maximum feeding, handling 
a wide variety of parts. De- 
signed for constant operation. 


DETROIT POWER SCREWDRIVER CO. 


2817W. FORT STREET, DETROIT 16, MICHIGAN 
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Types IN34-A, IN56-A and IN58-A. 
Radio Corporation of America. 
“ircle No. 67, Reader Inquiry Facility, page 24] 





_ SILICONE RESINS — Properties and 

Ajax Type A Semi-Stee| | Performance of six bonding and lami- 

and Type S Forged Steel | nating resins, five coating and impreg- 

nating varnishes, and an adhesive are 

Couplings ; . 

described and compared in a technical 

| bulletin. Curves and tables are includ- 
ed. Dow Corning Corp. 

Circle No. 68, Reader Inquiry Facility, page 24] 





AMPLIDYNES—Containing many cir- In 
cuit diagrams, charts, and _photo- 
graphs, 24-page booklet presents a 
step-by-step explanation of the prin- 
ciples of operation of the amplidyne. 
Advantages and functions are pointed 
out. Also covered in detail are appli- 
cations of amplidyne systems. Gen- 
eral Electric Co. 

rcle No. 69, Reader Inquiry Facility, page 241 


Ol 


Ajax Type SP Shear Pin 
Coupling 





HERMETIC TERMINALS—Data on ' 
48 hermetically sealed terminals are 
given in an illustrated folder. Ratings, 
design features, construction, and 
mounting methods are covered. Actual 

size of each terminal is shown. Elec- 
trical Industries, Div. of Amperex 
Electronic Corp. 

‘ircle No. 70, Reader Inquiry Facility, page 241 


Ajox Type BO Bolt-On 
Coupling 





| STEEL SCREWS-—Text and illustra- 
Ajax Type M Mill Motor | tions are used to show how improved 
Coupling product design through the use of 
alloy steel screws, can produce sav- 
| ings in weight, materials and space. 
Covered are physical characteristics, 
advantages and applications of socket 
head cap screws, hollow set screws, 
stripper bolts, tool post screws, and 
| other types. Mac-it Screw Div, 
Ajax Type BD Broke Drum | Strong, Carlisle & Hammond Co. 
rcle No. 71, Reader Inquiry Facility, page 241 





Coupling 


INDUSTRIAL GLASS FABRICS — j 
Feature of 32-page “Glass Textiles for 
Industry” are tables listing many uses 
of glass fabrics in electrical materials 





and products; resulting physical and ‘ 
: electrical properties are given. Text 
Ajax No. 423-523 Couplings | presents informative data on glass fab- 


for full motor speeds rics, finishing treatments and other : 


topics. Under appropriate heads are 
| listed manufacturers of varnished | 
glass-fabric cloth and tape, glass-fab- | 
ric-base laminates, and other products. : 
| Hess, Goldsmith & Co., Inc. ) 
Circle No. 72, Reader Inquiry Facility, page 241. 





Ajox Dihedral Coupling =» FURNACE, OVEN CONTROLS-In- 
| struments providing complete control 


systems for furnaces, ovens, dryers 
BRE BEBE EREHREHREeEBREeEHREHRHREHEHeHHEH lt i , s : : ae 
and kilns are described in a 48-page 


catalog. Illustrated and discussed are 
AJ AX F L EX | B L E C 0 UJ i L| Ny G c 0. I i . potentiometer and millivoltmeter-type 
pyrometer controllers; recorders and 
indicators; and bulb-and-tubing re- 


cording or controlling thermometers. 
Data are also provided on control re- 








WESTFIELD, N. Y. 
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THERE'S A STYRON FORMULATION 
TO IMPROVE YOUR PRODUCT, TOO 


Investigate the various Styron formulations by DOW. See how the right 


one can make present products newer... new products more profitable 


Styron® (Dow polystyrene) is produced in a variety of formula- 
tions, each developed to give specific property ranges. For 
example, Styron 700 is a heat-resistant formulation which has 
a heat-distortion temperature unexcelled by any commercial 
polystyrene. It is available in a wide range of colors, with excel- 
lent electrical properties. It meets the requirements of mold- 
ability, good mechanical strength and low cost for creating high 
volume sales of radios and other appliances. Styron 700 has a 
heat-distortion temperature 30°F, higher than general-purpose 
polystyrene as measured by A.S.T.M. standards. This Styron 
formulation is readily extrudable with high surface gloss and 
close dimensional tolerances. Extrusion equipment designed for 
polystyrene is well suited to Styron 700. 


you can depend on DOW PLASTICS 
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In addition to Styron 700 Dow offers a variety of polystyrene 
formulations which covers a wide range of characteristics. 
sTyRON 475 is a rigid, tough thermoplastic characterized by 
high impact strength and high per cent elongation. sryron 637 
is a light-stabilized polystyrene which has excellent resistance 
to yellowing in lighting fixtures. sryron 666 is an all-around 
general-purpose polystyrene developed to provide maximum 
property values in the end product with maximum ease and 
speed of fabrication. sryron 777 is a medium-impact polystyrene 
with desirable cost and fabrication advantage. 

Technical service bulletins are available for more detailed 
information on the Styron formulations. THE DOW CHEMICAL 
company, Midland, Michigan, Plastics Department PL-1412T. 











Do You Need This 


Ca Not 


TO PRODUCE FINISHED WIRE LEADS 


@ measured and cut in 2! 
to 45-ft. lengths? 


@ insulation stripped one or 
both ends to 8! in.? 





@ up to 1800 pieces per hour 
in 10-ft. lengths? 


Completed Automatically on Artos Model CS-10 | 


Now you can get high production 
of insulated wire leads... accu- 
rately measured, cut in lengths up 
to 45 ft., and stripped at one or 
both ends. Leads are finished com- 
plete and collected in one fast, 


automatic cycle. 
This Artos machine will handle 
wire, cord and cable up to No. 10 


12 solid. Con- 


sistently uniform results are ob- 


stranded or No. 


Other Artos Machines 


The complete line of Artos auto- 
matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in. to 60 ft., stripped lengths 


to 612 in. at one end and 81 in. 
at the other, wire from No. 12 to 
No. 000 gauge, and up to 3600 
pieces per hour. Ask for recom- 
mendations on your problems. 
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tained without cutting strands or 


nicking solid wire. Insulation 
may be stripped from 2 in. up to 
814 in. at one end and 6) in. at 
the other. You can also slit parallel 
cord or remove the outer jacket on 


SJ appliance cords. 


Inexperienced help can handle 
an Artos without trouble. Set-ups 
are quickly changed for different 
cut lengths and stripped lengths. 


WRITE FOR BULLETIN 


Get the complete 







story—write now 
for Bulletin 40 

on the Artos 
Model CS-10; 


Milwaukee 46, Wis. 








lays and valves, and motor operators 
and controllers. The Bristol Co. 
Circle No. 73, Reader Inquiry Facility, page 24}. 


SOLDERLESS CONNECTIONS — 
Technique, known as the wire-wrap 
method, for making solderless electri- 
cal connections is discussed in detail 
in an illustrated 12-page pamphlet. 
Covered are design features, advan- 
tages, and other data. Also included 
is a description of the power tools 
developed for making the connections, 
Keller Tool Co. 

Circle No. 74, Reader Inquiry Facility, page 24}, 
TEFLON PRODUCTS — Available 
forms and sizes of Teflon products are 
described in an 8-page catalog. In- 
cluded in the line are extruded rods 
and tubing, molded tubes and sheets, 
and shaved tape. Available engineer- 
ing services are mentioned. Ethylene 
Chemical Corp. 

Circle No. 75, Reader Inquiry Facility, page 241. 
CONTROL TRANSFORMERS — De- 
scribed in a 4-page brochure are ma- 
chine tool transformers, performance- 
tested to exceed requirements recom- 
mended by NEMA’s Specialty Trans- 
former Committee. Specifications and 
ratings are given. Curves are included. 
Acme Electric Corp. 

Circle No. 76, Reader Inquiry Facility, page 241 


PORTABLE-TOOL MOTOR PARTS 
—Described and compared in a 16- 
page bulletin are series-wound and 
polyphase high-cycle motor parts for 
portable tools. Text and _ illustrations 
present data on performance, con- 
struction, and available ratings and 
dimensions of both types. Also dis- 
cussed are induction-type frequency 
converters. Performance charts are in- 
cluded. Robbins & Myers, Inc. 

Circle No. 77, Reader Inquiry Facility, page 241 


SUBMINIATURE CAPACITORS —- 
Hermetically sealed subminiature ca- 
pacitors, designed to satisfy require- 
ments of MIL-C-25A, are described 
in a 20-page catalog. Information is 
provided on impregnants available 
and the resulting temperature oper- 
ating ranges; basic designs and styles; 
and ratings. Several pages and tables 
present additional engineering data. 
Illustrations are included. Dumont- 
Airplane & Marine Instruments, Inc. 
Circle No. 78, Reader Inquiry Facility, page 241 


RELAYS AND ACTUATORS-Divid- 
ed into four sections, 14-page catalog 
provides data on a-c and d-c multi- 
contact, power, and hermetically 
sealed relays, and actuators. Given are 
applications, features, and specifica- 
tions for midget, memory, and other 
relays. Construction and ratings of 
actuators are also covered. Useful de- 
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Re inqus Tapes/ having exceptiond elohgatio 


wel//suited/for taping, harnessing ikregula 
pand Igad wires. Physical and 


This tape ha hig 


5 5 : Other Vartex Products 
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sign data are included. Curves, dimen- 
sional drawings and other illustrations 
are provided. Phillips Control Corp. 

Circle No. 79, Reader Inquiry Facility, page 241. 


METAL FORMING — Facilities for 
metal spinning, deep drawing and 
producing metal stampings are dis- 
cussed in an illustrated pamphlet. 
Described is a special deep drawing 
facility. Available equipment is listed. 
SSH C. B. Kaupp & Sons. 
MEANS HIGH e No. 80, Reader Inquiry Facility, page 241. 
ae PERFORMANCE STOCK RIVET CONTACTS — Illus- 
be trated folder describes availability of 
an extensive line of standard fine- 
|silver headed rivets available from 
stock. Dimensions are listed in tabu- | 
lar form for both flat- and radius-faced | 
| contacts. Complete specifications and 
| prices are listed. P. R. Mallory Co.., 
Inc. 











e No. 81, Reader Inquiry Facility, page 241 


— 
a; . . - Protecting Your 
PRECISION SWITCHES — Snap-ac- 


tion switches designed for use in a Product’s Reputation! 
variety of control and indicating de- 
SLIP RINGS | vices are described in catalog 52-11. | 
Covered are available types and styles, | 
design features, ratings and specifica- 
tions satisfied. Illustrations are includ- 
ed. Unimax Switch Div., The W. L. 
Maxon Corp. 


Consumer goodwill, 
which determines the 
reputation of your prod- 
uct, depends on “The 
Vital Link between 
Power and Perform- 
ance”. . . the cord as- 
sembly you use! 


«ee AND SUP RING ASSEMBLIES 





rcle No. 82, Reader Inquiry Facility, page 241 


SIDE-INDICATING PANEL ME- 
TERS—Two-page data sheet describes | 
a series of miniature side-indicating | 
: panel meters. Availability of am- 
, + eUse SILVER GRAPHALLOY for appii- meters, voltmeters, microammeters, 

cations requiring low electrical noise; low milliammeters, villivoltmeters, VU, 


That’s why a cord set 
from Riverside is the 
best investment you can 
make. You save assem- 
bly time with easily 











‘and constant contact drop; high current DB and other meters is pointed out. | ere pete 
density and minimum weer. | Discussed are mounting means, con- iat a aan 
EXTENSIVELY USED IN: |struction details and other informa- Pw P 


production equipment. 


SELSYNS ¢ GUN FIRE CONTROLS | téon. a oe age 
e No. , Seacer Ir r icility, page 2¢ 


ROTATING THERMOCOUPLE and Seer “| 
STRAIN GAGE CIRCUITS _MOTOR CONTROL EQUIPMENT- | 
ROTATING JOINTS -DYMAMOTORS  2°-P2zc catalog presents data, mainly | 


eo |in tabular form, on various types of 
Wide range of grades available for 


'a-c starters and contactors, a-c combi- | 
. 4 maine end special applications. | nation magnetic starters, manual mo- | 


| tor starters, and supplementary equip- | 

|ment, including pushbutton stations. | 

| Trumbull Components Dept., General 
Electric Co. 

Ss atk heen bainaies rcle No. 84, Reader Inquiry Facility, page 241 


—100° te +300" F.; with ex- } 
ponsion coefficient helf thet 


But most important... 
you install “Reputation 
Insurance” on every as- 
sembly where you use 
a Riverside cord set! 
Take advantage of our 
specialized engineering 
experience and produc- 
tion facilities. Send 
samples or prints for 
prompt recommenda- 
tions and a firm quota- 
tion without obligation. 









Sou somperceurehy it-trss |SELF-TAPPING SCREWS - Eight- | 
Sioon ond Walon Guta, page booklet describes seven different 


Pump Vanes. 


types of screws which form their own | 
|threads as they enter various types | 
of materials. Feature is a_ selection | 
chart listing screws recommended for | 
use with sheet metal, stainless steel, 





1059 Nepperhan Ave. « YONKERS, NEW YORK 





Circle No. 85, Reader Inquiry Facility, page 241. AND ELECTRICAL SUPPLY COMPANY 
10227 Michigan Ave. » Dearborn, Mich. « Phone Tiffany 6-6800 
ELECTRIC HEATING—Large, ilblus- ch Tet tae OO pe ti 


J trated catalog presents data on an 





i [_] Pease send date on Graphalloy BRUSHES and CONTACTS. 


| 
poten | | plastics and other materials. Ilustra- Wh 7 , 
nen | | tions are included. Townsend Co. GNU, AC UTE 
Slaten ieadeheaseneeinceineniastctimananatessinniniiy 0 
| 
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(Advertisement) 


Lord Mountings Perform 


LORD mm O U we Ti ™ eS > eco Unique Function On 
a” | 





Porter-Cable Portable Sander 


One of the most unusual require- 
ments for the application of Lord 
Bonded-Rubber parts is that of the 
Porter-Cable Portable Sander 106. 
Here the orbital action of the sand- 
ing component must be held within 
certain limits by the use of flexible 
rubber mountings fixed to the four 
corners of the upper housing and 
the sanding component. High speed 
operation is necessary for achieving 
the desired smoothness of surface 
on materials to be sanded. 





Previously used mountings 
worked well for a time and then 
failed. The problem of longevity was 
put up to Lord Headquarters for 
Vibration Control in Erie, Pa. 

Analysis of the problem showed 
that the correct rubber compound 
bonded to threaded metal studs 
would offer the desired flexibility 
with reasonable possibility of longer 


| a | Control Vibration 
| A | in PORTER-CABLE’S 
| 106 PORTABLE SANDER 


service life and subsequently less 
failures. Many tests were completed 
before adopting the mounting shown 
in the accompanying advertisement. 








' All objections to the operation of 
. | previous mountings were removed 
; | by this consultation with Lord En- 
y The unique Lord application illustrated above accommodates | gineers and the results of their 
: controlled orbital motion of the sanding head in the Porter-Cable efforts. This is but another of many 
e ail Soe ae cS en 
d #106 Finishing Sander. “Lord Bonded-Rubber Mountings”, such typical solutions of the vibra 
' se ; tion problems of appliance manu- 

Porter-Cable reports, “outlast any mountings previously used ; a ; 
facturers. These problem solutions 
‘ because of the excellent bond between rubber and metal” and include correct mounting of spin 
thus contribute much to the efficient operation of this popular | dryers on automatic washing ma- 
e | AL: . . . . . 
! Porter-Cable unit. You may have a similar problem to solve | chines, isolation of transmitted vi 
- ; ; ; | bration through fan hubs of room 

in the products you manufacture. Your request for information fs hata e ; 
g air conditioners, the mounting of 
Ce _ . . - . ar . © a . . ‘ . . 

d is invited. We will be pleased to consult with you on the appli mixing and biending equipment 
ot cation to your products of Lord Vibration and Shock Control used by the modern housewife—in 
- fact, wherever vibratio 
“ Mountings and Bonded-Rubber parts. act, wherever vibration and shock 
: | present an obstacle to satisfactory 
machine operation Lord Vibration 
LOS ANGELES 28, CAL. NALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO | Control Mountings = being —— 
7046 Hollywood Blvd. 313 Fidelity Union 725 Widener Building 410 West First Street | neered for the job, The experience 
Life Building é ‘ 
of more than a quarter century in 

—_ DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO11, ILLINOIS CLEVELAND 15, OHIO . ° . . : 
= $11 Curtis Building 280 Madison Avenue 520 N. Michigan Ave. 11, Hanna Bldg. dealing with vibration and shock 
LORD MANUFACTURING COMPANY © ERIE, PA. | problems is available to you in the 


L_ ae | solution of vibration problems. Your 
eae : efforts to improve the operation of 


_ Headquarters your product by controlling or iso- 
i lating vibration will be more effec- 
ViBRATI IN CONTROL i ioe when vou consult wi 


tive when you consult with Lord 
Manufacturing Company, Erie, Pa. 
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MIGHTY MITE ADDS SAFETY 
70 ELECTRICAL PRODUCTS 
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Mighty Mite Thermal Controls prevent these 
plastic sealers from becoming too hol. 


Mighty Mite Thermal Controls are pre-set 
and accurately calibrated at the factory 
for uniform, dependable operation. No 
adjusting or re-setting necessary. Simple 
to install, without modifying product de- 


This vaporizer cannot burn itself out. A Mighty Mite sign. Available in a variety of terminal 
automatically disconnects the circuit when tempera- connections. Write for catalog 
ture reaches danger point. . F 





MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 
217 ASH STREET * AKRON 2, OHIO 














extensive line of electric heating ele- 
ments, temperature indicating and 
controlling instruments, components 
for package units, and other products, 
Useful reference material is also in- 
cluded. Industrial Engineering and 
Equipment Co. 

Circle No. 86, Reader Inquiry Facility, page 241, 


DEPOSITED CARBON RESISTORS 
—Series of data sheets describe Ger- 
man-made carbon film resistors avail- 
able in America Covered are hermeti- 
cally sealed, subminiature, high-tem- 
perature and fungi-proof, and other 
types. Specifications are also provided 
for a capless resistor where a direct 
contact is established between leads 
and resistor element, eliminating use 
of metal end caps. Arnhold Ceramics, 
Inc. 

rcle No. 87, Reader Inquiry Facility, page 24] 


SHADED POLE MOTOR-—Informa- 
tion on a_ four-pole, skeleton-type 
shaded-pole motor is given in an illus- 
trated two-page data bulletin. Appli- 
cations of the a-c motor, as well as 
specifications, features and dimensions 
are covered. Performance curves are 
included. Electro Engineering Prod- 
ucts Co., Inc. 

Circle No. 88, Reader Inquiry Facility, page 241 


RELAYS—Availability of relays, and 
data on available types and arrange- 
ments, are discussed in a four-page 
brochure. Dimensional drawings and 
other illustrations are included. Relay 
Div., Henschel Corp. 

e No. 89, Reader Inquiry Facility, page 24] 


SPRAG-TYPE CLUTCHES—First is- 
sue of a four-page house organ, “The 
Sprag Type.” discusses the design fea- 
tures and advantages of sprag-type 
clutches. Also included is an illustrat- 
ed case history and announcements of 
literature and services. Formsprag Co. 
Circle No. 90, Reader Inquiry Facility, page 241 


METAL HOUSINGS, FRAMES — 
Custom-built metal products made of 
steel, aluminum and other alloys are 
described in an illustrated 4-page bro- 
chure. Emphasis is on the availability 
of a complete service from design to 
assembly of chassis frames, instrument 
panels, control cabinets and_ similar 
units. Falstrom Co. 

Circle No. 91, Reader Inquiry Facility, page 241 


TEMPERATURE CONTROL SYS- 
TEMS—Described as an educational 
bulletin, 8-page pamphlet provides 
useful reference material on industrial 
temperature control systems. Included 
are: a section on the selection of sens- 
ing elements and their correct use, 
rules to follow in selecting the proper 
method of temperature control for 
various requirements, and definitions 
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Who said, 


tall Bolts are alike?” 


You may have heard the statement 
“all bolts are alike’ so it doesn’t matter 
where you buy them. 


Technically, and from a “standards” standpoint, 
they should be alike. So why is it that 

some bolt companies like Lamson & Sessions 
prosper and continue to grow? 


Well, we like to think it’s because of certain 
intangible ingredients that can’t be measured, 
tested or even, in some cases, identified. 


Maybe their salesmen are more personable, 





‘behind the name 
there’s a difference 











more helpful and agreeable. Or perhaps 
the service is better with an obvious “‘all out” 
effort to satisfy the customer. 


Whatever it is, we do know that we make every 
effort to keep our customers smiling. 

We try to make it easy and pleasant for 

them to do business with us. 


If that’s what it takes to make one bolt a 
better, more attractive buy than another — fine. 
We think we’re on the right track. 


That’s why we dare say: “All bolts are not 
alike” and we are happy in the 
thought that our customers share this opinion. 









The LAMSON & SESSIONS Co. 


1971 West 85th St. e Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 


FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 













SQUARE AND HEX 









TAPPING SCREWS 

















: MACHINE SCREW *"1035"" SET 
MACHINE SCREWS | = PLUG NUTS cant csa flat CAP SCRENS NUTS LOCK NUTS COTTER PINS SCREWS 
Precision made for Ideal for blind or oval, hexagon "1035" Hi-Tensile Semi-finished, hot Economical, vibra- Steel, brass, alu- Cup point type, 
fast, economical 


hard-to-reach 


and Phillips 
assembly. places. 


heads. 












Heat-treated 
steel. 


pressed, cold 
punched. 






minum and stain- 
less steel. 


hardened and 
heat-treated. 


tion proof. Can be 
used repeatedly. 
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of control terminology. Wheelco In- 
struments Div., Barber Colman Co. 


cle No. 92, Reader Inquiry Facility, page 24] 


LAMP BALLASTS—Data on the use, 


MyCALEX ; applications, and selection of fluor- 
, escent lamp ballasts are covered in 


glass-bonded mica ’ two bulletins, GEC-983A and GET- 
Be a 922F. The first contains selection 
insulation penetrates 


charts, wiring diagrams and cross- 
" y ° b 7 : section dimensions; the second, de- 
the Sh le le scriptive matter and operating char- 
acteristics of all types of flourescent 
lamp ballasts. General Electric Co, 

e No. 93, Reader Inquiry Faciilty e 24) 


< 


PLASTICS MOLDING PRESSES - 

Presses for automatic and semi-auto- 

matic molding, for preforming and for 

FLAME TEST extrusion, are described in an 8-page 

St a “og olige oe ee ae gn for 

SRN ae ea ea ! atest additions to the line, including 

straight-ram compression and transfer 

@ VERY LOW THERMAL CONDUCTIVITY molding presses and a new toggle- 

ee ee eae tage en press. F. J. Stokes 

@ DIMENSIONAL ACCURACY e No. 94, Reader Inquiry Facility, page 241 

os Si ap cd A gid alle de LIQUID LEVEL CONTROL—Appli- 

@ PERMANENT DIMENSIONAL STABILITY cations, and suggested circuits for 

using the Detect-A-Flo, a hermeti- 

cally sealed device that controls or de- 

tects liquid level and air flow, are 

presented in a 16-page booklet. Cov- 

ered are principles of operation and 

specifications. Included are response 

curves, and other illustrations. Fen- 
wal, Inc. 

ircle No. 95, Reader Inquiry Facility, page 24] 


q 


ELECTRIC HEATING ELEMENTS 
16-page handbook contains useful 

| reference material on the applications 
| and selection of heating elements. Also 
provided are data on heating compo- 

| nents available for specific require- 
| ments. Covered are a variety of strip, 
cartridge, and immersion heaters, as 
| well as thermostats. Illustrations are 
| included. Acra Industrial Electric Co. 


e No. 96, Reader Inquiry Facility, page 24) 


| GLASS-TO-METAL SEALINGS — A 

| section on the advantages and design- 

engineering of glass-fused-to-metal 

seals is included in a pamphlet de- 

| scribing a variety of headers and ter- 

| minals that can be supplied in desired 

| sizes and design. Tables, diagrams 

ac T¢at) eee | and text are used to present data. 
a | Other products and developments are 

| also described. The Hermaseal Co., 

\ Five insutator | Inc. 


re 


vag 


e No. 97, Reader Inquiry Facility, page 241] 


li: 


| PORCELAIN ENAMEL NAME- 

MYCALEX CORPORATION OF AMERICA | PLATES — Identification nameplates 
Ue meme LMS CMC acres | for machinery, equipment are de- 
SCR CMEC oR Ce a ee ee Songs Wumetn. Lover 
URES: “heen | tages of porcelain enamel for this 

| purpose are pointed out; mentioned is 
eT OleOle 116 | ITT Lee availability of a design department for 
development of nameplates for spe- 
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| the best running mate your product can have- 


Ss . | BELES 
‘@ ee! .. MoTORS 


ef y -- Every Delco motor, large or small, 
[ / ww is engineered and built to assure 
the uninterrupted usefulness of 

- the product it ultimately will 


—4 : serve. In the wide range of Delco 
| f ae beZk fractional and integral motors, 
l cy you can be sure that you will 


find the best running mate your 
product can have. 


———— 7 DELCO PRODUCTS 


: Jn DIVISION OF 
dt eN: GENERAL MOTORS CORPORATION 
| r / vtLlo\ DAYTON 1, OHIO 


) Haas a 





SALES OFFICES: 

Atlanta ¢ Chicago ¢ Cincinnati 
Cleveland ¢ Dallas ¢ Detroit ¢ Hartford 
Philadelphia ¢ St.Louis © San Francisco 








FEBRUARY 1954 


235 











Your open door is a respected privilege 


The Durez field representative who accepts an invitation to talk 


with you comes from a firm that values his time and yours... 
J 


He is unusually well-equipped to ren- 
der you service involving the profitable 
use of phenolics in your products, as 
he speaks for a company that has spe- 
cialized in these materials from the in- 
dustry’s earliest days. 

Apprised of your specific purpose, 
Durez men can tell which phenolic 
molding compound among the hun- 
dreds commercially used — which in- 
dustrial or coating resin — will meet 
your needs best in cost and perform- 


ance. Their counsel in engineering as- 
pects of plastics design may save you 
from unforeseen problems. 

You may be investigating the inher- 
ent advantages of these materials for 
the first time. You may be a long-time 
user of them. In either case, a talk with 
your Durez man puts our 32 years of ex- 
perience at your disposal. Write...and 
ask for our monthly “Plastics News.”’ 
Durez Plastics & Chemicals, Inc., 1302 
Walck Road, North Tonawanda, N.Y. 









MOLDING COMPOUNDS. Familiar 
in thousands of products built 
for rugged service in daily use 
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PHENOLIC PLASTICS 
THAT FIT TODAY'S 
PRODUCTS 
for the New Era of 
Competition 


RESINS FOR INDUSTRY. Bonding, 
casting, coating, laminating, im 
pregnating, and shell molding 


ELECTRICAL 


cific requirements. Ingram-Richardson 
Mfg. Co. 

Circle No. 98, Reader Inquiry Facility, page 24) 
TAPE RESISTORS — Ratings, avail- 
able values, and dimensions of adhe- 
sive tape resistors are given in a one- 
page data sheet. Resistors are de- 
signed for use in printed circuits, min- 
iaturized electronic assemblies and 
other applications at ambient temper- 
atures ranging up to 200 C. Hansen 
Electronics Co. 


Circle No. 99, Reader Inquiry Facility, page 24] 


INSULATION PRODUCTS — Exten. 
sive lines of electrical insulating ma- 
terials and industrial products are 
described in an illustrated 12-page 
pamphlet. Included are data on vul- 
canized fibre, laminated _ plastics. 
molded industrial products, and spiral 
tubing for coil forms and transformers 
Available are Teflon and silicone prod- 
ucts and mica materials and fabricated 
parts. Continental-Diamond Fibre Co 

rcle No. 100, Reader 


Inquiry Facility 

CLASS B INSULATION—File folder 
contains complete information on 
Coplan, an asbestos-glass laminate. 
Also included as a small sample of 
this Class B insulating material. Cot- 
trell Paper Co. 


Circle No. 101, Reader Inquiry Facility ye 24] 
SUBMINIATURE TRIMMING PO- 
TENTIOMETER — Small _ six - page 


brochure, No. 3591, briefly describes 
a new wire-wound trimming poten- 
tiometer. Resistance values range 
from 250 to 25,000 ohms. Specifica- 
tions cover vibration, acceleration, 
temperature coefficient of wire and 
operating temperature range. In- 
cluded are a resistance chart and 
illustrations. Bourns Laboratories. 

Circle No. 102, R« 


nquiry Facility, page 241 


Reader Inquiry Facility 


Postcard return cards are pro- 
vided on page 241 as a conven- 
ience to the reader in obtaining— 


New Components and Materials 
Additional data from the sup- 
plier on any items reviewed in 
this issue. 


Literature for the Asking 
A copy of any manufacturer's 
publication reviewed in_ this 
issue. 

Feature Article Reprints 
Single copies of selected feature 
articles reprinted for 
ience in filing. 


conven- 


Advertised Products 
More information on any prod- 
uct or service described. 
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ALLIED’S 
NEW 50 G 


Sub-Miniature 


*K 


Approved by U.S.A.F, 
Spec. MIL-R-5757A 






Type MH-18 


Developed specifically to meet the rigid requirements of 
U.S.A.F. Spec. MIL-R-5757A, the new Allied line of sub- 


‘1 as 
miniature double throw relays includes the MH-18 (6-Pole). oe ee 


and drawings of these new relays, 
the MH-12 (4-pole), and MH-6 (2-pole). ¢ Contacts are write for Bulletin 1002 


rated at 2 amps resistive or 1 amp inductive at 28 volts D.C. 
e The high performance of these relays has been achieved 
in an extremely compact, unitized construction and parallels 


the most recent advances in airborne equipment design. 





ALLIED CONTROL COMPANY, INC. 2 EAST END AVE., NEW YORK 21, N. Y. 
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CHECH LIST 


COMPONENTS FOR THE 
ELECTRONIC INDUSTRY 





¥ CONNECTORS (AN Types) 


@RECEPTACLES 
@ePLUGS 

@eCAPS 

@CABLE CLAMPS 
Pressurized — Waterproof | 


High Voltage — Capacitor 





'Y CONNECTORS (RF Types) 
Mg 





@ UHF @BNC @BN 
@PULSE and TRIAX PULSE 
TYPES 


‘Y RACK & PANEL Types 


@ Special DT ~ 
@ DIGS @ DTKS 
@ DT HIGH VOLTAGE 
@ DT MINIATURE 


New 1954 Layout 
Bulletin Available 


‘Y CABLE ASSEMBLIES 

@ STANDARD MOLDED 
@ SPECIAL 

@ RIGHT ANGLE 

@ COAXIAL 


ly MISC. COMPONENTS 








@ VIDEO JACKS—PLUGS 

@ SHORTING PLUGS 

@ SPECIAL JACKS—FEED THRU 
@ SWITCH BOOT 


@ SEALING-GASKETING DEVICES 
@ POLARIZED CONNECTORS 
@ UHF MOBILE ANTENNA ; 
@ ROTARY SHAFT SEALS yy 
@ CABLE CLAMPS yy 
Write for 
Cataiog! 





H. H. BUGGIE, Inc. 


726 STANTON STREET 
TOLEDO 4, OHIO 
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Feature Article Reprints 





SELECTED feature articles from each 
issue of ELECTRICAL MANUFACTURING 
are reprinted in complete form for 
convenient filing and to avoid muti- 
lating copies of the issue. 

New or recent reprints available 
through the Reader Inquiry Facility 
are listed immediately below. Any 
qualified reader may secure single 
copies without charge. Following this 
listing of free reprints are combined 
reprints of several related articles on 
selected subjects; copies are available 
at prices stated, on orders accom- 
panied by remittance. 


Titles Available Through 
Reader Inquiry Facility 


Note that each reprint described 
below carries a key number which is 
repeated in the reprint subject list in 
the Reader Inquiry Facility. On one 
of the postpaid return cards, circle 
numbers for the reprints wanted and 
mail. Quantities are limited, and when 
the initial supply for any title is dis- 
tributed the item is withdrawn and 
no more requests can be filled. 


New Titles Now Ready 


These new feature article reprints 
are now available for distribytion: 
single copies may be secured without 
charge through the Reader Inquiry 
Facility or by letterhead request. 


Simplifying Fabrication of Printed 
Circuits, February 1954, 8 pages. 
Improved stencil-etch process cuts 
production time; detailed descrip- 
tion of technique; bibliography of 
18 references to earlier articles. 

(112) 


Silicone Rubber as Electrical Insula- 
tion, February 1954, 12 pages. Ap- 
plications for sheet, tape, and ex- 
trusions for cable and wire in 
motors, transformers and _appli- 
ances; report of corona tests show- 
ing exceptional resistance. (134) 


Reference-Voltage Circuits for Auto- 
matic Controls, January 1954, 8 
pages. Survey of methods and cir- 
cuits providing a constant reference 
potential under variations in input 
voltage and output loads; includes 
electronic circuits, glow tubes and 
magnetic circuits. (135) 


Earlier Titles Available 


For many of the reprints announced 
earlier, the initial print run has been 


distributed and no more copies cay 
be supplied. Only those titles listed 
below are still available through the 
Reader Inquiry Facility and quanti- 
ties in some instances are low. 


Research Progress in  Dielectrics— 
1953, January 1954, 12 pages, 
Seventh annual review of confer- 
ence on electrical insulation; dis- 
cussion of thermal classification a 
major topic; studies of ferroelectrics 
and electrical degradation reported. 

(113) 


Selection of Permanent Magnet Mate- 
rials, January 1954, 8 pages. Mag- 
netic characteristics, application 
and design factors, mechanical 
properties and manufacturing meth- 
ods summarized and tabulated for 
19 types of cast, sintered and 
formed materials. (115) 


Direct-Indicating Recording _ Instru- 
ments, November, December 1953, 
16 pages. Combined reprint of 
two-part article covers applications 
and functional requirements, and 
design elements and _ operating 
principles; for engineering testing 
use, as well as integral components 
of electrical products. (119) 


Magnesium Castings, December 1953 
8 pages. Review of properties o! 
alloys suitable for sand castings 
permanent mold and die casting 
advantages and limitations of pro 
duction methods and typical appli 
cations. (137) 


Printed-Circuit Design Sources, De- 
cember 1953, 4 pages. Tabulation 
of commercial and experimental 


design and fabrication services 
survey of materials used, end- 


product specialties, and design in- 
formation. (138) 


Tape-Controlled Machines, November 
1953, 8 pages. How human skill is 
recorded and repeatedly fed into a 
machine control system to eliminate 
human variables in long or short 
runs. (130) 


Voltage and Vibration Effect on Motor 
Insulation, November 1953, 8 
pages. Report on insulation life 
tests using methods developed at 
NRL to simulate motor winding 
conditions. (131) 


Solid Lubricants, November 1953, 5 
pages. Current theory of solid fric- 


(Continued on page 245) 
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tion is established and six classes 
of lubricants described with typical] 
applications; cited references. (140) 


Fast-Acting Digital Memory Systems, 
October, November 1953, 20 pages. 
Combined reprint of two-part sur- 
vey and evaluation of available 
memory devices; characteristics and 
operation of all types of moderate 
and high-speed storage systems. 


(116) 


Ceramic-Metals for Component De- 
sign, October 1953, 8 pages. Types 
of ceramic-metal aggregates, prop- 
erties and applications; for highly 
stressed and wear-resistant parts in 
high-temperature service. (120) 


New Functions for Wire Terminals, 
October 1953, 8 pages. Eleven case 
histories show effective combina- 
tion of structural functions and 
solderless connectors to reduce cost 
and improve performance. (117) 


New Nonrigid Materials for Insulating 
Systems, September 1953, 16 pages. 
Survey and evaluation of new mate- 
rials and composite structures im- 
portant in the functional design of 
electrical insulating systems. (123) 


Relay Standardization, September 
1953, 12 pages. Summary report 
of 22 papers presented by makers 
and users in a symposium on stand- 
ardization of relays for military elec- 


tronics. (124) 
Aluminum Casting Alloys, August 


1953, 8 pages. Composition, foun- 
dry considerations and_ properties 
of lightweight alloys suitable for 
sand, permanent mold or die cast- 
ings. (129) 


What Makes Automation Click, July 
1953, 8 pages. Details of electrical 
contro] systems developed by Ford 
engineers to transfer parts between 
automatic-cycle machine tools. 


(121) 


Power Factor Measurement, July, 
August 1953, 20 pages. Combined 
reprint of two-part discussion of 
characteristics of usual power factor 
instruments, and their indications 
on non-sinusoidal power sources 
such as electronic rectifiers; a meth- 
od of power factor analysis for non- 
sinusoidal wave form. (139) 


JIC Electrical Standards for Industrial 
Equipment, June 1953, 16 pages. 
Complete text of the revised stand- 
ards adopted in March, with all 
changes shown in bold face. (114) 


Qualification Testing of Control Re- 
lays, June 1953, 8 pages. Rapid test 
reproduces four types of actual serv- 
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Stone’s Coil Bobbins are strong, 
light-weight forms, made to accurate 
tolerances for winding coils used in: 


TIMER MOTORS 
TV SPEAKERS 
SOLENOIDS 


Stop and Think 


HANCES are you can come 
up with a possible use for a 
Stone paper tube with the re- 
sulting benefit . . . quality at low 
cost. And we will help you make 
its use practical . . . gladly. 

The 126 year old heritage 
that is Stone’s has made it pos- 
sible to develop more accurate 
methods of manufacture and at 
the same time perfect our mass 
production techniques. Hundreds 
of America’s leading manufac- 
turers have found that dealing 
with Stone can be a profitable 
and satisfactory relationship be- 
cause they too have approached 
us about possible uses of Stone 
tubes and found that we could 
help make these uses practical. 

Stone's specialty is small 
diameter spiral wound insulating 
tubing from 3/64” to 1” ID 
although larger sizes are avail- 


STONE PAPER 


INCO 


for a Moment! 


able. As all Stone tubes are cus- 
tom-made, yet mass produced, 
they can be furnished in hi- 
dielectric kraft, fish paper, plastic 
films in various wall thicknesses 
and lengths. They can also be 
formed, notched, punched, 
printed, dipped or impregnated 
with a variety of waxes and 
resins. 

Stop and think for a moment 
and realize that your nearest 
Stone representative can be of 
great assistance to you ... or 
write directly to us. We are sure 
that our product list of many 
thousands will make it probable 
that we can meet your require- 
ments ... and give you the un- 
surpassed service which has made 
us one of the world’s largest 
small diameter paper tube 
manufacturers. 


TUBE COMPANY 


RPORATED 


900-922 Franklin Street, N.E., Washington 17, D. C. 





e RELAYS - SIGNAL SYSTEMS 
« ELECTRICAL NOVELTIES 
e ELECTRICAL TOYS 
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ice conditions; test results point to 
greater emphasis on reliability and 
several specific design improve. | 
ments for industrial control service, 


(136) 


Adjustable-Speed Drives, November 
1952, 24 pages. Concise, complete 
and systematic survey of all the 
various types of electric motors, 
power conversion systems and con- 
trol methods available to solve ad- 
justable-speed drive problems; a 
guide for the selection of the proper 
drive for a given machine; compre- 
hensive 8-page bibliography  in- 
cludes references to texts and arti- 
cles on current trends. (128) 


Prices for Bulk Quantities 


The above list includes all reprints 
currently available without charge, 
Note that only one copy is supplied 
free; if more than one copy of a title 


IN 20 SIZES is wanted, bulk quantities may be pur- 

chased in lots of five or more at the 
FOR OPERATING prices per copy given in the table be- 
~ VOLTAGES UP 


low; prices vary with the number of 


pages in the reprint and the quanti 
oe we 


ude : in any one shipment. 
‘Today's miniaturized equipment has All orders must be accompanied by 
Seo L i mnila 21a; My 1 tt eS ets) 




















 epagadliiact anagem oer remittance, including 3 per cent sales 
pose Rhett re ies = tax for New York City deliveries. 
: was amt ts it) i : 
irerenis | Quantity Number of pages in reprint 
aturized electronic components. ordered 4 to 8 12 16 24 to 32 
5 $0.30 0.40 0.50 0.75 
e al | 10 0.25 0.35 0.45 0.60 
pe pecially developed in The | 25 0.20 0.30 0.40 0.50 


; mics i as S$ ° 
Miniaturization aes ange of —55° C to 
TURBO Meera leeneies to meet a use need winin oe” This “mini” wire 
William Brand labore operating voltage of 600 vo ian graduated 
+105° C and maximum * cont 7/38 to 19 f T scouted 
is available in 20 strandings, Om eilable in both solid an 


: 12, It is av 

WG sizes from 30 t0 *y. tracers. 
— id Caen or “candy striped with 1, 2 oF 5 
— in 


Prices shown are per copy and in- 
| clude postage; quotations on larger 
quantities will be supplied on request. 
| Since these prices do not provide for 
| invoicing and accounting cost, pur- 
| chase orders must be accompanied by 

























TURBO INSULATION 























- mittance. Send order with remit- 
TURBO “ »” . ee : reml ° If 
aircraft waiee ioe hedonic dead, eeee ae = ee water, oils, tance to: St) 

, > e acids, alcohol, ies, 
glycol and fungus. The primary insulation is TURBO a mn one ; Gi 
polyvinyl chloride compound. For further protection there i a J. A. Campbell f Ca 
jacket of nylon over the primary insulation, which gives shied rsccsiten Diveshar of Raener Seevios | Wi 
- : > s . oO aad ° ° . 
mechanical wear and abrasion. The Gage Publishing Company | gi 
1250 Sixth Ave., New York 20 : m 
B OR 
ECIAL MINIATURIZATION =e tm 
- d manufacturing organiza iliam Brand Researe « m 
: : i an a eee i e i o 
To —— eat miniaturization Wert offering suggested solutions Design en 
origins et will welcome the opportunity | ot 
Department a 1 

Sach problems Compendiums — © 
oy 
BECAUSE of the expense involved in de 





Insulating Material TURBO Specialists Since 1920 producing these feature article re- 
© prints, the free service offered above 
THE WILLIAM BRAND & CO., INC. cannot be extended to booklets in- 


cluding several reprints on related 


Dept. EM-2 Willimantic, Conn., U.S.A., Tel. HArrison 3-1661 subjects. The following titles there- 
TURBOTUF Insulating Tubing and Sleeving . TURBO Insulated Wires - Wire Markers - Extruded fore are available at a modest charge 
Tubing - Varnished Saturated Sleeving and Tubing - Cambric Cloths, Tapes, Papers - Mica intended to cover printing, handling 

SALES REPRESENTATIVES IN PRINCIPAL CITIES and postage expense. To keep expense 
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New oval-shaped General Electric capacitor saves 
Space and weight in your electric equipment 


If you’re using fixed paper dielectric capacitors in case 
styles CP 53 and CP 70 it will pay you to consider 
General Electric drawn-oval units. These drawn-oval 
capacitors provide unsurpassed reliability combined 
with the important advantages of permitting smaller 
size, less weight and lower cost in the electric equip- 
ment you manufacture. 


RATINGS range from 1 to 10 muf, 600 to 1500 volts 
dc, or 330 to 660 volts ac. Choice of mounting arrange- 
ments makes them ideally suited for air-conditioning 
units, electronic equipment, motors and controls or 
other applications where units capable of meeting all 
electrical and mechanical requirements of MIL-C-25A 
specs, except for case dimensions and markings, are 


desirable. 
Gou can frit 


GENERAL | 
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DOUBLE-ROLLED SEAM attaches cover to drawn-steel 
case— producing a lighter, yet stronger capacitor. 
Actual savings in size and weight vary with case 
style and rating but can amount to as much as 30%. 
Depending upon case style and quantity ordered, 
prices average 10 to 20% lower than for rectangular 
capacitors. 
MOUNTING VERSATILITY is provided by choice of 
three bracket styles for upright, inverted and side 
mounting to suit individual mounting requirements. 
For more information on the new G-E drawn-oval 
capacitors, their ratings, dimensions and prices, con- 
tact your local G-E apparatus sales representative or 
write for Bulletin GEA-5777, General Electric Co., 
Section 442-10, Schenectady 5, N. Y. 


‘ your conflilence tr — 
ELECTRIC 





























Use 


1317 has a totally enclosed plastic body .. . 


Precision built to exacting quality standards . . . P&S 
sturdy handle 


PROVED DEPENDABILITY 
MODERN APPEARANCE 





PS DESPARD SWITCHES 


. . . positive action . . . is rated at 15 Amperes for appliance 
use, ¥2 H.P., 115 V. A.C., 125 V. D.C. for small motors. Also 
available in T-rated, 10 Ampere type (P&S 1311). 


P&S 1317 is compact .. . only 7%” wide, 158” long and 


1%,” deep . . 


. can be used singly or in combination with 


P&S Despard pilots or outlets. 







Note the modern appearing neck, rounded 
at each end—a distinctive feature of all P&S 
Despard devices—one that will add to the 


appearance of your product. 


P&S Wiring Devices Are Built to Last 


If you have a problem involving wiring devices for your 
product, write us about it. Our sixty years of experience in 
producing wiring devices will be helpful. 


Write Dept. EM for complete catalog. 


PASS & SEYMOUR, INC., SYRACUSE 9, N.Y. 


Offices: 71 Murray St., New York 7, N. Y. 
1229 W. Washington Blvd., Chicago 7, Ill. 
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to a minimum, copies of these com. 
pendiums are offered only on requests 
accompanied by remittance (includ. 
ing 3 per cent sales tax for New York 
City delivered). Send orders with re. 
mittance to: 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


New 72-page Compendium on 
Automatic Production Methods 
Starting with a detailed description of 
the first automatic production machine 
(for radios) published in 1948, a con- 
tinuing series of articles has brought 
each major step in the development 
of automatic production or assembly 
of electrically operated equipment to 
readers of ELECTRICAL MANUFACTUR- 
ING. A selection of 12 of the articles 
presented in this continuing program 
are now available in Design Com- 
pendium No. 7, on “Automatic Pro. 
duction.” This 72-page booklet. in- 
cludes each article in complete form 
with all original illustrations, sche- 
matic and circuit diagrams. Price js 
$2.00 per copy on orders accom- 
panied by remittance. 

For an annotated list of the con- 
tents see page 324. 





Applying Magnetic Amplifiers, 72 
pages. Design Compendium No. 
1A. Second edition of this popular 
booklet has been expanded to in- 
clude four recent feature articles 
in addition to the series by Dom- 
hoefer and Krummenacher. For an 
annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


Overload Protection for Electric Mo- 
tors, 52 pages. Design Compendium 
No. 2. Complete series of eight 
feature articles on various ap- 
proaches to the problem of pro- 
tecting motors and other power 
sources while providing short-cir- / 
cuit protection to circuits and wir- 
ing. For a complete list of these 
articles see June 1953, page 341. 

$1.50 





Designing Servomechanism Systems, 
56 pages. Design Compendium No. 
3. Seven feature articles on related 


J 
phases of design of feedback con- 2 
trol or servo systems and servo ap- 
plications, including the series of lf 
four articles by Herst. For a com- 
plete list of the contents of this 1 


booklet see March 1953, page 294. 
$2.00 


Engineering Testing as a Design Tool, 
76 pages. Design Compendium No. 
4. Twelve articles in a planned 
program covering instrumentation 
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Relay contacts last longer when protected by 


EDISON 





TIME DELAY RELAY 





New Westinghouse Capacitor Control uses two EDISON Time 
Delay Relays to prolong the life of the auxiliary switching relay. 


THis NEW Westinghouse Capacitor Con- 
trol senses the need of a utility power 
system for reactive kilovolt amperes 
and energizes circuits to connect the 
capacitor bank to the bus. The reverse 
function is performed when the capac- 
itor bank is no longer required. 


THE FUNCTION of the Edison Time Delay 
Relay is to hold off energization of the 
auxiliary relay until the change in the 
system is of a permanent nature. Any 
intermittent operation of the sensing 
relay is ignored until enough accumu- 
lated energy is stored in the bimetal 
of the time delay relay to close its 
contacts. 


THE EDISON Time Delay Relay not only 
reduces the number of operations of 
the auxiliary relay but also eliminates 
unnecessary chatter and false switch- 
ing of the capacitor bank to the line. 


FOR FREE LiTERATURE describing the many 
uses for this and other Edison products 
write to: 


Q Edison. 


INCORPORATED 


Instrument Division 


53 Lakeside Avenve 
West Orange, New Jersey 
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YOU CAN ALWAYS RELY ON EDISON 


as a function of producé develop. 
ment; environmental testing, sound 
and vibration, measuring non-sinu- 
soidal circuits, use of oscilloscope, 
vacuum tube voltmeter and high. 
speed photography. $2.50 


Plastics and Dielectric Materials, 99 
pages. Design Compendium No. 5. 
Fourteen articles reporting signifi- 
cant developments in new resins 
and insulations, plus annotated list 
of 80 articles published in Exec. 
TRICAL MANUFACTURING during the 
past 8 years; subjects include fluoro 
carbons, silicone rubber, embed. 
ments, ceramics, glassfiber paper, 
high-temperature insulation. $3.00 


Electro-Hydraulic Control, 56 pages. 
Design Compendium No. 6. Series 
of feature articles published in a 
continuing editorial program dis- 
cussing significant steps in the de- 
velopment of integrated electrical 
and hydraulic control systems. For 
an annotated list of the 10 articles 
in this booklet see page 277 in this 
issue. $1.50 


Reader Inquiry Facility 


A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge: 


1. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


. Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigued a key number which 
is repeated with the title of the 
item in the Reader Inquiry Fa- 
cility on the page where the re- 
turn card appears. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be 
mailed within 60 days after pub- 
lication to secure this free service. 
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(Advertisement) 


HELI-COIL inserts 
widely used 


in electrical industry 





What they are 

Heli-Coil* screw thread inserts are pre- 

cision formed coils of stainless steel or 
osphor bronze wire. Wound into tapped 

om they form permanent non-corrosive 

strip-proof female threads of astonishing 

strength. 


Where they are used 

They are used wherever manufacturers 
desire protected threads in aluminum, 
magnesium, copper, plastics, rubber or 
soft material—to provide (1) stronger, 
lighter, more compact assemblies; (2) 
wear-proof threads for inspection and re- 
pair disassembly; (3) a convenient conduc- 
tor to threaded members passing through 
insulating material. 


What they are for 

AS ORIGINAL COMPONENTS: Heli- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 

FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase 
in screw size and no tell-tale signs of 
re-work. 

FOR SPEEDY REPAIRS: When tapped 

threads wear, strip, or corrode in service, 
renew them in minutes on location in 
shop or field with Heli-Coil inserts. No 
welding—no plugging—no secondary 
machining no oversize screws. 
For useful tips, use the coupon for free 
subscription to “Heli-Call” in which we 
publish latest news on what others are 
doing in your field. 


How they work 

Holes are drilled and tapped as you do for 
ordinary threads—then Heli-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thread protection forever. Can be 
used in any metal, wood or plastic. 


No other method is so simple, 


effective and practical. 


Heli-Coil inserts improve the end prod- 
uct, cut rejects, salvage threading errors. 


All sizes and types 


Available for National Coarse, National 

Fine and Unified threads, pipe threads 

and sparkplug threads. They are made 

in all standard sizes and lengths for as- 
semblies requiring Class 3, 3B, 2 or 2B fits. 

Best time to put Heli-Coil inserts benefits 

to your use is right at the designing board, 

as many leading manufacturers are doing. 

But to convince you of their many advan- 

tages ask for a working demonstration 

tight on your production line. Write 
today! 

Complete information and engineering 
ata is available in the Heli-Coil catalog. 
se coupon! 

*Reg. U.S. Pat. Off. 


Heli-Coil Inserts conform to official 
military standards MS-122076 (ASG) 
through MS-124850 (ASG) and others. 
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Would your product 
1 Mcokticis F 


if it were 


1 


lighter? 





Heli-Coil* Screw Thread Inserts made it possible to cut the 
weight of this welding gun from 33 pounds to 11% pounds! 


This gun is made by Progressive Welder Sales Company of Detroit, 
whose design engineers recognized a competitive selling advantage in 
weight reduction. They developed a new lightweight alloy called 
Magna-Lyte —ideal for their purpose in every way but one. 


Magna-Lyte didn’t have the strength to provide a threaded assembly 
that was tight enough to prevent arcing between the aluminum alloy 
yoke and copper jumper. 


This “almost good enough” situation was converted into a success story 
by means of Heli-Coil Inserts. They provided more than enough thread 
strength in Magna-Lyte—and so made the new alloy practical—the 
new product more appealing to users. 


Ask a Heli-Coil Representative to help you make a lighter, or stronger, 
or more durable, or less costly product with Heli-Coil Screw Thread 
Inserts—consult your classified phone directory under 
“Inserts, Screw Thread.” 


HECO 


SCREW THREAD 
INSERTS’ ...made this one 
STRONGER 

















..- this one 
LESS COSTLY 


..- this one 
MORE DURABLE 









Get complete details—and case histories 
on how Heli-Coil Inserts help designers every day 
and create more sales. Mail this coupon NOW. 

*Reg. U.S. Pat. Off. 
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| i 
i HELI-COIL CORPORATION |, 
282 SHELTER ROCK LANE, DANBURY, CONN. i 

\ 
1 () Please send information on Heli-Coil Insert applications in the t 
i Electrical Manufacturing Industry. 4 
1 CL) Please have a Heli-Coil Thread Engineer call. i 
[] Please send Bulletin 689, Military Standard Sheets. ' 

4 
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YOU CAN’T AFFORD TO 


MUG 


ON 
WIRING 


Flay Sate 
Protect Your Product’s Reputation 
with UNILECTRIC WIRING SYSTEMS 


Year atter year .. . for over ten years 
. .. UNILECTRIC has produced millions 
of wiring systems, for more than 150 
leading manufacturers of electric and elec- 
tronic products. They meet the most exact- 
ing requirements and provide substantial 
savings to each customer. 


-- 


This intricate wir- 
Ing harness for a 
jet auto pilot must 
meet the most 
rigid specifica- 
tions. A pilot's 
life and perhops o 
major battle de- 
pend on it. 


The same work. 
manship . . . the 
same standards of 
quality protect 
your product wir- 
ing and your pro- 
duct’s reputation 
for dependability. 





BE SURE 


Make the 
UNILECTRIC 
Quality 
Sirietelae 
YOUR Standard 


To assure utmost 
dependability plus 
cost saving engi- 
neering assistance, 
low-cost. produc- 
tion, and ‘‘on- 
schedule deliv- 
ery’’, investigate 
UNILECTRIC today. 


Investigate UNILECTRIC Today! 


Wrme Sysrems 


rv 


UNITED MANUFACTURING & SERVICE CO 


A 
7 satan 












Associations 





Eta Kappa Nu Honors 
Young Engineers 


Pier A. Abetti, 32-year-old General 
Electric engineer, was selected as the 
nation’s outstanding electrical engi- 
neer for 1953 by Eta Kappa Nu. 
Achievements for which Mr. Abetti 
was honored included his “original 
approach to power transformer design 
through the creation of unique elec- 
tromagnetic models.” 

Honorable mention was bestowed 
on John E. Jacobs of GE’s X-ray de- 
partment, Milwaukee, for his out- 
standing work in the application of 
X-ray methods to industrial problems. 
A second recipient of the honorable 
mention award was Adam G. Kegel, 
Air Arms Div., Westinghouse Electric 
Corp., Baltimore, for “his  distin- 
guished contributions to the design of 
autopilots and fire control systems” 
and other merits. 

Certificates were presented to the 
three engineers during the annual 
winter meeting of the American Insti- 
tute of Electrical Engineers. Mr. 
Abetti will also have his name _in- 
scribed on a placque retained at the 
Engineering Societies Building in 


New York. 


Wm. L. Healy 
Elected President 


The Standards Engineers Society has 
re-elected as its president for 1954 
William L. Healy, General Electric 
Co., Philadelphia. Re-elected as vice 
president was Madhu S. Gokhale, 
Radio Corporation of America, Cam- 
den, N. J. New members-at-large on 
the board of directors are: Jerome L. 
Steen, Sylvania Electric Products 
Inc., N. Y. and Dr. John Gaillard, 
American Standards Association. 

The Standards Engineers Society is 
a professional group first organized 
informally in 1947. Rapid develop- 
ment of standardization techniques 
and programs in industry and govern- 
ment during and since World War II 
emphasized the need for such an or- 
ganization. Members of the Society 
are individuals who are engaged in 
standardization activities or who have 
contributed notably to standardiza- 
tion. 


Conference Scheduled on 
Transistor Circuits 


Sponsored jointly by the IRE Profes- 
sional Group on Circuit Theory and 


the AIEE Science and Electronics 
Division, a Conference on Transistor 
Circuits will be held at the Museum 
of the University of 
Feb. 18-19. 

Papers to be delivered are designed 
for engineers already familiar with 
transistor operation, rather than for 
those who have little previous experi- 
ence in the field. Surface-barrier tran- 
sistors, as well as junction types, will 
be under consideration. The program 
will reflect the present state of re- 
search and development in transistor 
circuit design. 

Among the papers to be read are: 
“Circuit Implications of Surface-Bar- 
rier Transistors,” by J. B. Angell, 
Phileo Corp.; “A New Equivalent 
Circuit for Junction Transistors,” by 
J. Zawels, RCA Victor; “Transistor 
Power Amplifiers,” by F. H. Shea, 
General Electric Co.; and “Transistor 
D-C Amplifiers,” by C. R. Hurtiz, 
Lincoln Laboratory, MIT. 

The Conference consists of the fol- 
lowing four sessions: Properties and 
Representation of Transistors; Junc- 
tion Transistors in Linear Circuits; 
Junction Transistor Amplifiers; and 
Non-Linear Applications of Junction 
Transistors. 


Pennsylvania, 


Industrial Fasteners 
Selects President 


Succeeding Herman H. Lind as presi- 
dent of the Industrial Fasteners In- 
stitute, Cleveland, is Frank Master- 
son. For the past seven years Mr. 
Masterson has been assistant to the 
president of the Anderson Co., Gary, 
Ind. 

Mr. Lind is retiring according to 
plan after seventeen years with the 
Institute, following four years as gen- 
eral manager of the National Machine 
Tool Builders Association. 


John Findley Peters 
Receives Edison Award 


At the opening general session of the 
Winter General Meeting of the Amer- 
ica Institute of Electrical Engineers, 
the Edison Medal for 1953 was pre- 
sented to John Findley Peters, engi- 
neering consultant to the Westing- 
house Electric Corp. 

Mr. Peters was honored “for his 
contributions to the fundamentals of 
transformer design, his invention of 
the Klydonograph, his contributions 
to military computers and for his sym- 
pathetic understanding in the train- 
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Wire Insulation Chemical Resistant Tubing Molded Electrical Fittings ECE ele elie] 


From MINUS 195 Deg. C. 
to 220 Deg. C.... 


WIDE WORKING TEMPERATURE RANGE 
OF “BAKELITE” FLUOROTHENE 








BRINGS PLASTICS TO MORE ELECTRICAL JOBS 


Products made from BAKELITE Fluorothenes can be used 

effectively between minus 195 deg. C. and 220 deg. C. Successful 
experiments have shown that these materials are practicable for 
high-temperature wire insulation, gaskets, molded electrical fittings, 
and insulation for printed circuits. 


An outstanding electrical property of fluorothene, especially at 
elevated temperatures, is its volume resistivity, which is so high that 
it can be measured only by extremely sensitive instruments. 
Fluorothene has excellent chemical resistance; it is used for 
containers and piping to carry corrosive chemicals such as 

fuming nitric acid. 


BakELITE Fluorothenes are rigid thermoplastic polymers—so hard 
that hammer blows on a solid piece hardly leave a mark. Long 
periods of submersion reveal no sign of moisture absorption. Tests 
on various thicknesses of wire insulated with fluorothenes showed 
that they will not support combustion. 


These characteristics are already generating interest among 
industries connected with electronics, electric power, radio, and 
television. Detailed information is available from Bakelite Company 
in a free booklet describing the forms, properties, and fabrication 

of BakELITE Fluorothenes. To get your copy, write Dept. TD-20. 
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BAKELITE 


TRADE-MARK 


[5||worethene 


BAKELITE COMPANY 
A Division of Union Carbide and Carbon Corporation (ag 
30 East 42nd Street, New York 17, New York 


In Canada: Bakelite Company 
A Division of Union Carbide Canada Limited 
Belleville, Ontario 
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WAIT 
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RELAY 
for every 


application 


——— 


INDUSTRIAL... 


Unsurpassed relays for 
commercial and industrial 
applications. Advance can 
meet all requirements. 
They offer a complete line 
of rugged precision-built 

' relays for your specific 

* needs. 


COMMUNICATIONS... 


Designed for demands of 
minimum cost, compact- 
ness and dependability, 
Advance Communication 
Relays should be the 

~ number one choice for 
your valuable equipment. 
Each Advance Relay 
must and does meet the 
highest standards of 
precision and quality. 


ELECTRONIC... 


Engineered to meet the 
most exacting require- 
ments of delicate 
electronic equipment, 
Advance provides a large 
selection of highly 
accurate relays— meeting 
demands of longevity, 
and critical environment. 





AIRCRAFT... 


Advance offers a complete 
line of AN approved, 
quality engineered relays 
for aircraft. They meet or 
surpass all Military and 
Civilian requirements. 
All are lightweight, 
compact and rugged. 
Some models available 
hermetically-sealed. 


Write for catalog showing 
complete line and Advance 
engineering facilities. 


ADVANCE 


ELECTRIC & 
RELAY COMPANY 


2435 NORTH NAOMI ST. + BURBANK, CALIFORNIA 
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ing of young engineers.:-The_Edison ~ 


medal was established in-4904 and is 


Medal Coniffiittee. of ‘the ,AIEE to’a 
resident of the’ Upited: States or ysl 
ada for “meritoridus achievement” 
electrical engineering. 


Plans Made for 
Basic Materials Conference 


The three-day Basic Materials Con- 
ference will be devoted this year to 
a comparison of the properties and 
characteristics of materials in rela- 
tionship to each other. Emphasis will 
be on the advantages of using one 
material instead of another. The Con- 
ference will be held concurrently with 
the Basic Materials Exposition, at the 
International Amphitheatre, Chicago, 
May 17-20. T. C. DuMond, editor of 


on wath 


~“Materials & & Sfethodr” Ww iH, be fn. 


‘eral chairman of , thas € ‘onference, 
awarded anniglly by the- Edisom.. “Serv ing with him, on an advi isory com- 


mittee, will be a group of 18 scien- 
tists and research and design engi- 
neers, drawn from industry and the 
government. 


NACE Reorganizes 
Technical Committees 


The reorganization of the technical 
committees of the National Associa- 
tion of Corrosion Engineers by indus- 
trial categories will be effective March 
18, 1954. The names of the subdivi- 
sions within the committee also will 
be changed, since it has been found 
that committees whose members have 
a common industrial interest function 
best. No committee has been abol- 
ished, and a provision has been made 














Feb. 3-5—Ninth Annual Reinforced 
Plastics Division Conference, spon- 
sored by The Society of the Plas- 
tics Industry, Inc., Edgewater 
Beach Hotel, Chicago. 

Feb. 11-12—Second Annual Com- 
puter Conference and _ Exhibit, 
sponsored jointly by the American 
Institute of Electrical Engineers, 
Institute of Radio Engineers and 
other groups, Ambassador Hotel, 
Los Angeles. 

Feb. 18-19—Conference on Tran- 
sistor Circuits, sponsored by the 
‘ IRE Professional Group on Circuit 
Theory, and the American Institute 
of Electrical Engineers; at the Mu- 
seum of the University of Penn- 
sylvania, Philadelphia. 

March 4-5—Mid-winter Meeting, 
American Society for Metals, Ho- 
tel Statler, Boston, Mass. 


March 11-12—Educational Confer- 
ence on Commercial Refrigeration 
and Air Conditioning, sponsored 
by Air-Conditioning and Refrigera- 
tion Institute, Municipal Audito- 
rium, Long Beach, Calif. 

March 22-25—National Convention 
of the Institute of Radio Engi- 
neers, Hotel Waldorf-Astoria and 
Kingsbridge Armory, New York. 
March 17-19—Fifty Annual Spring 
Technical Meeting, Pressed Metal 
Institute, Hotel Carter, Cleveland, 
Ohio. 


April 3-4—Spring Meeting, Packag- 
ing Machinery Manufacturers In- 
stitute, Hotel Dennis, Atlantic City. 
April 5-6—Twelfth Annual Confer- 
ence, sponsored by the Society of 
The Plastics Industry (Canada), 







































Calendar of Meetings 





Inc., Mount Royal Hotel, Montreal! 


April 24—Eighth Annual Spring 
Conference, sponsored by the Cin- 
cinnati Section of the Institute of 
Radio Engineers. Write: Crosley 
Division of Avco, 140 W. Ninth 
St., Cincinnati 2, Ohio. 

April 26-30—Annual Meeting and 
Tenth Biennial Industrial Exposi- 
tion sponsored by the American 
Society of Tool Engineers, Conven- 
tion Center, Philadelphia. 

May 2-6—Sessions on Electric In- 
sulation, Electronics and other top- 
ics, The Electrochemical Society, 
Inc., La Salle Hotel, Chicago. 
May 4-6—1954 Electronic Compo- 
nents Symposium sponsored by the 
IRE Professional Group on Elec- 
tronic Component Parts and vari- 
ous professional societies, with the 
active participation of agencies of 
the Dept. of Defense and the Na- 
tional Bureau of Standards, at The 
Dept. of Interior auditorium, 
Washington. 

May 4-7—National Spring Tech- 
nical Meeting, the American Weld- 
ing Society, Hotel Statler, Buffalo, 
N. Y. 

May 7-8—New England Radio En- 
gineering Meeting, sponsored by 
the North Atlantic Region of the 
Institute of Radio Engineers, 
Sheraton Plaza Hotel, Boston. 
May 10-12—Fifty National Confer- 
ence on Airborne Electronics, 
sponsored by the Dayton Chapter 
of the Institute of Radio Engineers 
and the Professional Group on 
Aeronautical and Navigational 
Electronics (IRE), Dayton Biltmore 
Hotel, Dayton, Ohio. 








ELECTRICAL MANUFACTURING 





G 


front view 


profitable designing 
with MADISON-KIPP 


zinc and aluminum 


die castings 


When Zinc or Aluminum alloys are suitable to the service require- 
ments, die cast cams, like those illustrated, are extremely economical 
when compared with other methods of manufacture. 


Here at MADISON-KIPP, we believe you will find the type of skilled 
and seasoned mechanics you will enjoy contacting for profitable die 
cast designing. 


Please send your inquiries to our home office in Madison. 





MADISON-KIPP CORPORATION 


214 WAUBESA STREET, MADISON 10, WISCONSIN, U.S.A. 





rear view 


®@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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They're practically look-alikes. Both were designed to 
serve as rubber-tipped leveling screws on the bottom 
corners of metal kitchen cabinets. The part on the right 
does much the better job — its special collar prevents the 
rubber cap from slipping over the shank. Produced on 
Cotp ForMING equipment, it costs $6.00 less per 
thousand than the screw machine part previously used! 


Result: Savings of over $20,000 a year for one of 
America’s leading makers of kitchen cabinets! 


COLD FORMING and Good Design turned the trick! 


Your annual investment for 
fasteners and small special parts 
is undoubtedly substantial in 
your plant. Savings that total 
thousands of dollars are not 
unusual when such parts are 
Cotp Formep without waste or 
scrap on high-speed automatic 
equipment and designed for 
high-speed automatic or semi- 
automatic application. 


Thanks to long experience in 
Coto Forminc, Milford engi- 
neers, and 


designers product 


research experts are ready and 
able to help you cut small-parts 
costs substantially. They bring 
to your service Milford’s leader- 
ship and know-how in the manu- 
facture of semi-tubular, tubular 
and special rivets, as well as 
automatic rivet-setting machines. 


So put us to work for you — 
on products you’re making now 
or those you're planning to pro- 
duce. Chances are we can help 
you make some major savings 
— in both time and money! 


Write or phone nearest Milford Plant or Sales Representative! 


NORWALK 
CALIF. 


ELYRIA 
OHIO 





ILFORD RIVET & MACHINE CO. 


MILFORD 


AURORA 
ILLINOIS 


HATBORO 
PENNA. 








for two groups to absorb those in- 
terested in general activities. 


Manpower Groups Announce 
Plans for 1954 


Dr, T. H. Chilton, technical director, 
Engineering Dept., E. I. du Pont de 
Nemours & Co., Wilmington, will 
continue as chairman of the Engi- 
neering Manpower Commission, dur- 
ing 1954. In accepting the post for 
another year Dr. Chilton announced 
that the engineering manpower com- 
mission and the scientific manpower 
commission will work in close coop- 
eration during the present year in 
their approach in the common prob- 
lems of engineering and_ scientific 
manpower. 

The Scientific Manpower Commis- 
sion, organized during 1953, recently 
elected M. T. Carpenter as adminis- 
trative director. In commenting on 
the EMC and SMC programs for 
1954, Dr. Chilton has stated that, “A 
primary aim of both the EMC and 
SMC will be to function as catalyz- 
ers and to carry on and coordinate 
activities to the end that the recruit- 
ment, training, and utilization of sci- 
entists and engineers will be seen as 
an integrated sequence of responsi- 
bilities with which the professional 
societies, industry, education, govern- 
ment, and the public are all vitally 
concerned.” 


Improvement of Electronic 
Components Aim of IRE Group 


A Component Parts Professional 
Group has been organized in the 
Institute of Radio Engineers for the 
purpose of promoting continued im- 
provement of electronic components 
and providing channels for exchang- 
ing both functional and environmental 
test information on component parts 
between research and development or. 
ganizations. Chairman of the group is 
Floyd A. Paul, Northrop Aircraft Inc. 
The growp is sponsoring an Elec- 
tronic Components Symposium in 
Washington, May 4-6, in cooperation 
with the American Institute of Elec- 
trical Engineers, other professional 
groups of the IRE, the Radio-Elec- 
tronics Television Manufacturers As- 
sociation, and the West Coast Elec- 
tronics Manufacturers Association, 
with the active participation of the 
U. S. Department of Defense and the 
National Bureau of Standards. 
Included among other activities 
planned is the publication of a “Trans- 
action” in the “Proceedings of the 
IRE” early in 1954. Membership in 
the group is open to all IRE mem- 
bers. Application forms and informa- 
tion may be obtained from Dr. Fred 
Haynes, Electronics Product Section, 
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TYPES 


Styles RC10, RC20, 
RC21, RC30, RC31, 
RC41, and RC42. 


Write for Bulletin J2 


Ya-, 1-, and 2-watt fixed composition 
types in all RTMA 5%, 10%, and 20%: 
preferred values. 











. also automotive voltage 
regulation; fluorescent starting; protective surge; and 


other special purpose types to your exact specifications. 





Electronic Components Division 
STACKPOLE CARBON COMPANY 
St. Marys, Penna. 
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The Glenn L. Martin Co., Baltimore, 
Md., or from Miss Emily Sirjane, 
Institute of Radio Engineers, 1 East 
i 79th St., New York 21. 


IEEM Elects Seligman 


The Institute of Environmental 
Equipment Manufacturers has elected 
as its president Monroe Seligman, 


NOS president of Tenney Engineering, Inc. 
Kol st Activities of the Institute for the 
ut ta \\\ available data on simulating environ- 

eX mental conditions. The Institute also 

me will publish “Proceedings of the 

‘ * D z a fi fa . | | ty IEEM” and the “Environmental 
Quarterly.” Also planned is a con- 
test to encourage the presentation of 
technical, scientific and research 
papers by the members. Awards will 
| be given at the annual meeting for 
| the best papers submitted. Informa- 
| tion can be obtained on IEEM ac- 
tivities from Dr. George Wilkinson, 
general manager, Institute of En- 


vironmental Equipment Manufactur- 
ers, 30 Church St., New York. 






coming year will include preparation 


, i 
PVA he 0 of a new handbook containing all 





1954 Telemetering Conference 
Scheduled for Chicago 


The 1954 National Telemetering 
Conference, under the joint sponsor- 
ship of The Institute of Radio Engi- 
neers, the American Institute of Elec- 
trical Engineers, the Institute of the 
Aeronautical Sciences and the Instru- 
ment Society of America, will be held 
in Chicago, May 24-26, at the Hotel 
Morrison. W. J. Mayo-Wells, Applied 
Physics Laboratory, the Johns Hop- 
kins University, is chairman of this 
years meeting. 


Automation Symposium 


A symposium on the Automatic Pro- 
duction of Electronic Equipment will 
be held at San. Francisco’s Fairmont 
Hotel April 19-20, 1954. Joint spon- 
sors are Stanford Research Institute 
and the United States Air Force. 
General chairman of the symposium is 
L. K. Lee, head of the Advanced 
Techniques Group, Engineering Div., 
Stanford Research Institute. 


RETMA Sponsors Conference on 
Reliability of Electrical Connections 


Sponsored by Radio-Electronics-Tele- 
vision Manufacturers Association, a 
Conference on the Reliability of Elec- 
ese e | trical Connections will be held at 

FIXED PAPER | Illinois Institute of Technology, Chi- 

: B CAPACITORS cago, April 15-16. Under considera- 

COMPANY a "Bh SINCE 1925 | tion will be the various methods of 
North Chicago, Illinois, U.S. A. ' a a SOUTHERN AFFILIATE: aking ee : the pecan 

an uaneenate. we. tions of wires anc cables. 

” WESSON, MISS. The program will be divided into 
five sections, which will consider 


RADIO NOISE FILTERS 
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For copper in any form — 


For top-notch service — 
Call Chase 


ees 


CHASE 


What kind of copper or copper alloy do you need? 
Free-cutting brass rod? Sheet and strip brass? 
Phosphor bronze for springs? Call your nearby 
Chase warehouse. We can supply you 

with the widest variety of 

brass or copper materials for production, 


maintenance or repair. 


Many of our branches are equipped to slit, saw, or 


shear our metals or your own stocks to specifications. 


hase e BRASS & COPPER 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
e The Nation’s Headquarters for Brass & Copper 


Albanyt Cincinnati Houston Minneapolis Pittsburgh Seattte 
Atlanta Cleveland Indianapolis Newark Providence Waterbury 
Baltimore Dallas Kansas City, Mo New Orleans Rochester f 

Boston Denvert Los Angeles New York St. Louis T sales office 


Chicago Detroit Milwaukee Phitadetphia San Francisco onty) 






Close tolerance sawing, slitting, 
Shearing to your specifications. 





Deliveries to your factory by Stocks of tube, rod, bar, strip, sheet 
truck, rail or express, if desired. and wire in a variety of alloys. 
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where only the best will do, you'll find the world’s | '*°: 2°¢ soldering; surface prepara- 


tion for soldering; joining techniques; 


quality control; and other topics. 
on the team! 


Barker, Kester Solder Co., E. R. Bow- 
erman, Sylvania Electric Products, 
Inc., B. J. Guty, Radio Corporation of 
America, and other representatives 
from industry. ooo 









-~\ 
——= LOULLINS 





Our Metal Powder Industry / 
Now Ahead of Europe 





Among the speakers will be Dr. C. L. : 


Ya x —_ 


eee 


Available in 
/ 3 versatile mountings 





FREE CHICAGO CATALOG 


You’ll want the full details on 
CHICAGO’s complete “‘Sealed-in-Steel”’ 
transformer line. There is a unit 
available for every circuit application: 
Power, Bias, Filament, Filter 

Reactor, Audio, MIL-T-27, 
Stepdown. Write for your FREE 
copy of Catalog CT-153, or get it 
from your electronic parts 
distributor who can supply you 
with cH1caGo—the world’s 
toughest transformers. 


PUT CHICAGO ON YOUR TEAM 


EURO N ae 


3501 ADDISON STREET * CHICAGO 138, ILLINOIS 
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they're in the COLLINS 430 Series 
Commercial Transmitters 


Absolute dependability under the most 
rugged operating conditions is the prime re- 
quirement in the precision-built Collins 430 
Transmitters. They’re designed for continu- 
ous service and optimum performance in 
ground to plane, shore-to-ship and point-to- 
point systems. To assure complete reliability, 
COLLINS teams up with CHICAGO—specifies 
and uses the world’s toughest transformers 
throughout the Series 430 Transmitters. Yes, 
wherever optimum precision and absolute de- 
pendability are the requirements, you'll find 
CHICAGO Transformers on the team. 


Export Sales Div.: 
4237 N. Lincoln Ave 
Chicago, I!l., U.S.A, 


CABLE ADDRESS: 
HARSHEEL 


Scheel International, Inc. 








POWDER METALLURGY, the art of 
transforming metal powders into use- 
ful objects by pressing and sintering 
has developed in this country to the 
point where it is no longer an art, but 
an accepted industrial technique, and 
one, moreover, which has become 
highly competitive to die casting, 
screw machining, stamping and other 
precision metal forming methods, Fur- 
thermore, powder metallurgy in the 
United States has finally succeeded in 
forging ahead of the European in- 
dustry, both in terms of practical 
applications and advancement as a 
science, according to Kempton H. 
Roll, powder metallurgist and as- 
sistant to the secretary of the Metal 
Powder Association, before a group of 
some forty distinguished metallurgists 
visiting the United States under the 
auspices of the Foreign Operations 
Administration. This is part of our 
continuing “Point Four” Program for 
the exchange of technical information. 


Comparing the more rapid growth 
of powder metallurgy and the metal 
powder industry in the United States 
today with the same industry in 
Europe, Mr. Roll cited as evidence 
the rapid increase in consumption of 
metal powders, particularly iron and 
copper, rapid growth and expansion 
of powder producing capacity as well 
as in facilities able to produce parts 
from metal powder. Such growth has 
been reflected in vastly increased ap- 
plications of metal powder parts, one 
company using 30 million a year. 

Contrasting the European metal 
powder industry with our own, Mr. 
Roll stated that, “The science of 
powder metallurgy actually saw its 
greatest early development in Eu- 
rope. European powder metallurgists 
evolved the theories which today are 
the basis for our own industrial ap- 
plications of powder metallurgy. But 
the last war upset this relationship. 
This country was forced to gain its 
independence of European industry 
since this method of making parts 
became imperative in war-time and 
during this period experienced _ its 
greatest growth. ooo 
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the facts behind a high-quality, world-famous line of motors now 
available in America (N.E.M.A. standards) at savings up to 40% 


















with these additional features 


@ immediate delivery from stock @ any motor sent free for 


examination and testing 
@ unconditionally guaranteed 


@ superior design 
@ all types and sizes 


up to 230 H.P. ® offices in principal cities 


The first fact is that motors are our business, our 
only business. Since 1935 we’ve sold more than 
two million motors in 62 countries. And we’re 
making and selling a larger volume than ever right 


now. NEWMAN MOTORS have aé_ world-wide 
reputation. 


Another fact is that economics favor us because we 
can produce higher-quality motors at relatively lower 
costs than American manufacturers. And because 
we are now enjoying a further cost margin from our 


high production we are offering the lowest prices to 
the American buyers. 


These are high - quality, unconditionally - guaranteed 
motors in a complete range of totally enclosed fan 
cooled and open drip-proof designs (squirrel cage 
and wound rotor) in all sizes up to 230 h.p. Write 
today, via coupon below, for catalog and price lists. 


Pewee eeee esses esses esse esses esses ses es esses ea 


Newman Industries (America) Inc. 

43 Broad Street, New York 4, New York 

Please send me a catalog and price list of the full line of 
NEWMAN MOTORS now available in the United States at 
savings up to 40% 


Attention of 


43 BROAD STREET 
NEW YORK 4, NEW YORK 


Company Name 
Address 


City State 


' 
t 
i 
‘ 
a 
NEWMAN INDUSTRIES (AMERICA) INC. \ 
1 
\ 
‘ 
: 
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This is a chassis stretcher 


... but don't buy it, use Centralab | 
miniature switches instead 





© Reduce chassis crowding © Widest variety in poles, 


positions and sections 


® Cut down size and weight fs , 
© Double wiping quiet contacts 


am ones @ One source for all your 
switch needs 
® Phenolic (Grade LTS-E5) 


® Steatite (Grade L-5). | 


® Most complete line of 
switches available 


® Diameter only 1-5/16° 


DON’T TURN THIS PAGE until you write for 
technical Bulletins 42-156 and 42-157. 








SERIES 20 — Staked or bolted 
types. Available with Steatite or 
phenolic insulation . .. 2 to 12 
positions ... 30° or 60° positive in- 
dexing. Steatite is grade L-5, meets 
JAN-I-10 specifications. Phenolic 
is grade LTS-E5, JAN P-13. 


Centsalab 


VARIABLE 
RESISTORS 


SERIES 30 — Switch and control 
combinations with concentric 
shafts. Furnished in three types: 
rotary switch mounted forward, 
control in rear; control in front, 
rotary switch in rear; two rotary 
switches operating independently. 


A Division of Globe-Union Inc. 
949 BE. Keefe Avenue * Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario 


Veo 


CERAMIC CERAMIC | 
ELECTRONIC CIRGUITS 


| 


| 
| 





Capacitors INSULATORS 


Industry’s greatest source of standard and special 
electronic components 








Manufacturers 


Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letter head, 
mentioning ELECTRICAL MANUFACTURING 
as your source. See “Literature for the 
Asking” on page 224 for other publica- 
tions available through the Reader In- 
quiry Facility. 


NEEDLE BEARINGS-—Basic _ tech- 
nical data, facilitating selection of the 
proper bearings, are a feature of a 
30-page catalog describing heavy- 
duty needle bearings. Also covered 
are design features, sealing, and lub- 
rication. Included are tables listing 
speed and life factors, as well as ca- 
pacities; hardness factors are charted. 
Dimensions of bearing assemblies, 
inner races and housing and shaft fits 
are presented. Various types of bear- 
ings are illustrated by drawings and 
photographs. Copies may be obtained 
on letter head request addressed to 
The Torrington Co., Bantam Bearings 
Div., South Bend 21, Indiana. 


FLEXIBLE TUBING—“Flexineering” 
—the scientific application of flexible 
tubing for air, oil, and other uses— 
is explained in an eight-page data 
book. Advantages of flexible tubing 
and design features of manufacturer’s 
line are discussed. Included among 
the products catalogued and pictured 
are steel, bronze, and other types 
of tubing in many types of construc- 
tion. Advantages of electrical con- 
duits made of the tubing are pointed 
out. Tables and illustrations are in- 
cluded. To obtain a copy, write on 
company letterhead to Pennsylvania 
Flexible Metallic Tubing Co., 72nd 
St., and Powers Lane, Philadelphia 
42. Pa. 


Design Compendiums 
at Quantity Prices 


Each of the seven Design Com- 
pendiums now available (see re- 


views on page 246) are obtainable 
at reduced cost in quantity; group- 
ing of orders saves handling and 
shipping expense. 

For quantity prices and order- 
ing information see page 342. 
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MAGNET WIRE 


Sc a 


eee eS re 


egular as Clockwork 


They miss nothing—these per- 


sistent men who inspect the 
ANACONDA Magnet Wire you use. 
Every hour and a half these in- 
spectors check the wire running 
through every enameling 
machine. 

Here is magnet wire that has 
passed 30 different tests before it 
reaches your plant...magnet 
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wire whose dependable quality 
has made steady customers of 
many original equipment manu- 
facturers for over 25 years. Pro- 
duction foremen claim ANACONDA 
Wire winds faster, easier, and 
longer without breaks. They say 
it’s the wire that’s asked for first 
from the stockroom. . 
up first. 


.and used 


Check your magnet wire needs 
against Anaconda’s complete line 
of quality wire. Anaconda Wire 
& Cable Company, 25 Broadway, 
New York 4,N. Y. 


53368 (Rev.) 


ANACONDA 


TODAY’S HEADQUARTERS FOR MAGNET WIRE 


Class A: ENAMEL . FORMVAR . NYFORM . NYLON 
Class B: virrorex* Class H: sitorex* 


*Reg. U. S. Pat. Off, 
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SHOCK, VIBRATION and 


DATA? 


CATALOG 523-A. Air- 
damped Barrymounts 
for shock and vibration 
protection of military 
airborne equipment. 


BULLETIN 532. Vibra- 
tion isolator Type 915, 
for isolating vibration 
and noise caused by 
high-speed motors or 
motor-driven equip- 
ment. 


BULLETIN 533. Me- 
dium-impact shock ma- 
chine Type 150-400 
VD, for qualification 
and acceptance shock 
tests up to 77g. 


BULLETIN 534. Series 
M44 ALL-METL vibra- 
tion isolators and Series 
TOMA mounting bases, 
for military airborne 
equipment under ex- 
treme operating condi- 
tions. 


BULLETIN 535. Com- 
ponent shock machine 
Type 20 VI, for quali- 
fication and acceptance 
shock tests up to 210g. 


Complete 


e 


“LOOK — NO LAGGING!" 
Increasing profits through the 
use of the new Leveling Barry- 
mount for industrial machinery. 


BULLETIN 536. Series 
M64 ALL-METL vibra- 
tion isolators and Series 
AOMA and NOMA 
mounting bases, for mil- 
itary airborne equip- 
ment under extreme 
operating conditions. 


BULLETIN 537. Series 
262/633 vibration iso- 
lators, for isolating vi- 
bration and noise caused 
by medium-speed mo- 
tors or motor-driven 
machinery. 


BULLETIN 538. Series 
670/297 shock and vi- 
bration isolators, for iso- 
lating shock caused by 
impact-type machines, 
and vibration and noise 
caused by heavy rotating 
Or reciprocating 
machines. 


Here are complete engineering data, application information, and pointers 
to profits in every field of shock and vibration isolation. Write TODAY 
for your free copies of the ones you need. 


ox THE Po A ae ae YY corp. 


708 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 


Atlante Baltimore Chicago Cleveland Dalles Dayton Detroit Les Angeles Minneapolis New York 
Philedeiphia Phoenix. Rochester St. Lovis San Francisco Seattle Toronto Washington 
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Book 


Reviews 





Organic Protective Coatings, edited 
by William von Fischer and Ed- 
ward G. Bobalek. Reinhold Pub- 
lishing Corp., New York 36, 387 
pp. $7.50 


This book has grown out of a series 
of lectures given by a group of author- 
ities under sponsorship of the Organic 
Coatings Division, Case Institute of 
Technology. The approach is to the 
problems of formulation, specification 
and application, so that a_well- 
rounded coverage is provided. 

Subject headings for the sixteen 
chapters include: Paint as an Engi- 
neering Material; Anticorrosive Pig- 
ments; Luminescent Coatings; New 
Pigments in Modern Color Design; 
Metal Protection with Synthetic Resin 
Coatings; Organic Coatings for Elec- 
trical Insulation; and Silicone Resins 
for Heat-Resistant Paints. 


Frequency - Response Symposium. 
Published by the American Society 
of Mechanical Engineers, 29 West 
39th St., New York 18, N. Y. Paper 
cover, $5.00. 


| This is a collection of the papers 


presented at the Frequency-Response 
Symposium held December 1 and 2, 
1953, in New York City. The sym- 
posium was organized by the Dynamic 
Systems Committee of ASME Instru- 
ments and Regulators Division. Three 
papers intended for the beginner as 
well as the frequency-response expert 
are: “Frequency-Response Data Pres- 
entation Standards and Design Cri- 
teria”; “Sine-Wave Generators” and 
“Bibliography of the F-R Method as 
Applied to Automatic Feedback- 
Control Systems.” These cover bibli- 
ography, frequency-response design 
criteria and standards for the presen- 
tation of data. A group of papers 
following these are primarily con- 
cerned with theory. They treat the 
problems of calculating transient re- 
sponse from _ frequency - response, 





choosing optimum controls for given 
physical systems and calculating non- 
linear phenomena. 

A paper “Control-System Behavior 
Expressed as a Deviation Ratio” is 
devoted to the philosophy of auto- 
matic control and treats the question 
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THESE ARE THE INITIALS TO REMEMBER 


WHEN STAMPED 
OR DRAWN 
Gas and Water Cans METAL PARTS 


U.S. Quartermaster 


S826 MUST BE RIGHT 


Over 1000 skilled people... 289 deep draw 





‘Washing Machine Tub 


Fuel Tank 





and stamping presses ...92 welding 


machines ...15 acres of production facilities 





... complete tool and die department. 
Aerial Delivery Container 
U.S. Air Force 


Deep Fat Fryer Pot 





Radio Case—U.S. Signal Corps 


1525 W. ST. PAUL AVE. © MILWAUKEE 1, WISCONSIN 
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JELLIFF 
ALLOY 8@@ RESISTANCE WIRE 


for miniaturized precision-instrument components 


the ideal resistance wire for 


fixed and variable resistors of high ohmage — resistance 
boxes and bridges — voltmeter and wattmeter multipliers 
— and other miniature wire-wound units. 


Where space is at a premium and performance is a 
“‘must'’ — these outstanding qualities of Jelliff Alloy 800 
will assure that your products conform to the tightest specs. 


High resistivity, 800 ohms/emf — Low Temperature Co- 
efficient, +2ppm per °C — Non-Magnetic — Highly Stable 
Electrically and Mechanically Diameters from 0.0009” 
to 0.0056” — Bare, enameled or oxidized, or insulated 
with silk, Nylon or cotton Solders and Winds easily. 


For Complete Data Address 
Department 25 





et aT eee 
stroke, assure longer service life. 


Silicon steel laminations give high 
rat lay 


Tempered steel spring absorbs vi- 
et em Tt ll alg 
in alignment. 


ae Me ea ey) aed 
Came TCC Me tt | 
Aol 


atl DA Ma Taha TT 
wire on high flow point molded 
nylon bobbin 


N 








of how good a given control is. Sev- 
eral papers are included on applica- 
tions, discussing gas turbines, servo- 
motors, chemical plants, power sys- 
tems and backlash in gear trains. 
Concluding the collection are two 
theoretical papers discussing the 
Evans root-locus method and Weiner’s 
statistical approach to automatic con- 
tro] problems. 


Handbook of Electronic Circuits. Pub- 
lished by Government Service Divi- 
sion, RCA Service Company, Inc., 
Camden, N. J. 123 pp, paper cover, 
$1.60. 


Here is a new manual on electronic 
circuits prepared for use as a training 
text and reference book. This latest 
volume in the RCA Electronic Train- 
ing Series contains more than 100 
pages of text, circuit diagrams and 
descriptions of operation of 77 basic 
circuits. In addition, an analysis of 
each circuit, showing the more com- 
mon operational failures, is included. 
Each diagram is printed on an apron 
pullout for convenient reference to 
the text. The basic circuits illustrated 
form the foundation upon which are 
constructed all kinds of electronic de- 
vices from simple receivers to com- 
plex computers and radar. 

The diagrams and text are those 
used in the RCA factory training pro- 
gram for production personnel. How- 
ever, because the circuits are funda- 
mental, the book is equally valuable 
as a practical and convenient refer- 
ence source to engineers. The book 
takes some of the mystery out of 
complex electronic circuitry combina- 
tions by stripping them down to their 
more readily understood fundamen- 
tals. The major chapters include 
Power Supply Circuits; Filter Circuits; 
Limiter Circuits; Control Circuits; 
Discriminator Circuits; Receiver Cir- 
cuits and Transmitter Circuits. 


Automatic Production Methods 


New 72-page Design Compendium 
No. 7 is now ready for distribu- 
tion. Booklet includes a selection 
of 12 articles presented in a con- 
tinuing editorial program. Each 
major step in the development of 
automatic production or assembly 
of electrical equipment is reported, 
starting with a description of the 
first machine (for radios) published 
in 1948. 

Copies are obtainable at $2.00 
each on orders accompanied by 
remittance, (including 3 per cent 
sales tax for New York City deliv- 


eries). 
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The simpler way to save * 
on fastenings to metal and plastics 


PARKER-KALON Hardened 
Self-tapping Screws 


Originated by P-K, first choice today 
for fastenings to sheet metal, 

structural steel, non-ferrous castings 
and forgings, plastics, plywood, hard 


compositions. Here’s why: 
SLOTTED OR PHILLIPS HEAD 


FASTER. No tapping. Simpler, faster than machine screws, riveting, or 
bolting. Type F cuts a standard machine screw thread as it’s turned in. 


STRONGER. No loose fits, mistapping, or cross-threading. Lasting tightness 
under vibration proved in millions of applications. 


LOWER COST. Saves tapping time and tool expense, permits use of power 
drivers for faster assembly. 


IF IT’S P-K...IT’S O.K. For guaranteed quality, get the Original, — specify 
P-K. Samples and application information free. Ask your P-K Distributor 
or write: Parker-Kalon Division, General American Transportation 
Corporation, 200 Varick St., New York 14. 





* Up to 50% and more. Ask a P-K Assembly 
Engineer to help you estimate your saving. 


The 


INDUSTRIAL 
PARKER-KALON’ DISTRIBUTOR 
steers your 
Supply Dollars 
Te Oni SELF-TAPPING SCREWS tothe best 
values. 
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TO IMPROVE YOUR PRODUCT 
Dress it UP with 


THIS CORD SET IS CUSTOM MADE 
TO MAKE A GOOD PRODUCT BETTER 


© Bright color to contrast with grass or pavement. 


® Tough, weatherproof insulation, with far greater resistance to oils, 
Ca Mm Mts 


© Heavy duty, matching plug, molded-on-the wire. 


eae Sle le 

Tele oleia-to Meal tole tae ol ol 
100M Trey lait elle l eel 
jumper was produced by MILLER’S 
revolutionary method of molding 
custom engineered plastic parts 
onto wire—and at competitive prices. 


SEND YOUR SPECIFICATIONS 
NOW FOR QUOTATIONS 
AND SAMPLES 


120 MAIN STREET, PAWTUCKET, R. I. 


Men 


in Industry 


Two research physicists, Dr. George 
E. Duvall and Dr. Charlotte Zihlman 
LeMay, have jointed the staff of 
Standard Research Institute. Dr.Du- 
vall was formely with General Electric 
Co., Richland, Wash., and has also 
served as a research associate in the 
Research Laboratory for Electronics 
at Massachusetts Institute of Tech- 
nology. Dr. LeMay was formerly as- 
sociated with Texas Instruments, Inc. 
During the war she did research on 
the dielectric properties of plastics at 
Monsanto Chemical Co. 


New chief engineer at the Hoover 
Co.’s_ Electric Motor Division is 


Eldred P. Codling. He will be in 


4 


charge of the standard and custom- 
built fractional and integral horse- 
power motors produced at Hoover's 
Plainfield, N. J., and Cambridge, 
Ohio, plants. Mr. Codling has had 
20 years experience in design and 
executive engineering capacities at 
Westinghouse, Delco Products and 


Jack & Heintz. 


New director of research and engi- 
neering, for industrial products at the 
Electric Storage Battery Co.’s recently 
formed Industrial Products Division 
is L. E. Wells, former chief engineer 
for this organization. Mr. Wells has 
served the company for over 36 years. 


Otto C. Bixler, director of engineer- 
ing and research for Magnecord, Inc., 
Chicago tape-recorder manufacturer, 
has been elected vice president by 
the Board of Directors. Mr. Bixler 
joined Magnecord in 1951 as chief 
engineer. From 1949 to 1951 he was 
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HOW WOULD YOU SOLVE THIS PROBLEM? 





PROBLEM: > 


In the control panel of the Edison Aircraft Fire 
Detection System the sensitive relay which picks 
up the current generated by a thermocouple im- 
mersed in flame is not designed to carry the warning 
load. The problem is to design a slave relay rugged 
and dependable enough for aircraft service, yet 
moderately priced. The slave relay will carry the 
current load to actuate the pilot alarm system .. . it 
must stand up under conditions ranging from the 
heat of the equator to the cold of the Arctic. 


SOLUTION: 


Engineers at Price Electric Corporation, realizing 
that cost was an important factor, decided to experi- 
ment with an open-style relay rather than hermetically 
sealed units. Finally, they were able to solve the 
customer's problem with a modification of a standard 
midget-type open relay. Customer comments: 

1. The relay is simply made, compact and rugged 

. enough for aircraft use. 

2. The Price relay saves considerable labor cost in 
production because of its simplicity. In other words, 
it is extremely easy to make connections to this relay, 
and unusual dexterity is not required. 

3. The use of Cantilever Contact Springs instead of 
the usual tail spring eliminates unnecessary parts 
which might cause service difficulties. 


RECOMMENDATION: 


Let Price Engineers have a look at your relay 
problems and needs. You'll find that their abilities 
can save time, labor and money! 


See ud. at book Ho. 197 
UKE, Show Mew York 


Send for this valuable 
file folder showing 42 
types of relays 
Write today 





for your free copy 


1500 Church Street 
FEBRUARY 1954 


VOORPORAT 
Frederick, Maryland 


= The EDISON 
Fire Detection System 


The Edison system is used on the B36, 
the F86 Sabre, the B29 and a long list of 
other military aircraft as well as being 
standard equipment on every major air- 
line in the United States, and on every 
commercial transport except the Lock- 
heed Constellation. It is manufactured 
by the Instrument Division of Thomas A. 
Edison, Inc., West Orange, N. J. 


The Husky Series 1100 relay ... 
modified by Price Engineers to solve 
Edison's problem. 


/ 
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Win chester IBY, ectronics 


MINIATURE 


MIniAt’”- 


CONNECTORS: 


lity designs 
are employed in many advanced, quality 


T 
f AIRBORNE ELECTRONICS EQUIPMEN 
f aturization requirements 





to meet mini 





These Miniature Connectors are avail- 
able with various numbers of contacts. Please send your 
inquiries for variations of these types . . . or for entirely new 
designs ...to our Engineering Department. 


MINIATURE 
HIGH-VOLTAGE 
Type “PM” 


a¢ 


HALF 
SIZE 


HERMETIC 
MINIATURE 


PLUG 
Type “HM” 


MINIATURE 
Type “M" 


ACTUAL (USED WITH 


SIZE TYPE Mm 


RECEPTACLE) 


~-------------+ ---------~----------- 


HERMETIC 
MINIATURE 
RECTANGULAR 
Type “HMRE"’ 


SUB-MINIATURE 
RECTANGULAR 
Type “SMRE”’ 


MINIATURE RECTANGULAR 
Type “MRE” 





(USED wiTH 
TYPE MRE 
RECEPTACLE) 


ACTVAL SIZE 








7 a SONNE Wire or write for catalog on other types 
; s or advise your special requirements. 
Winchester Products and Winchester 
Designs are Available Only WINCHESTER 
From Winchester Electronics, Inc. 
PATENTED AMD PATENTS PERNOING ELEC TRONICS 
INCORPORATED 
West Coast Branch: 1729 Wilshire Bivd. 
Senta Monica, California GLENBROOK, CONN., U.S.A. 
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a development engineer for AiRe- 


search Manufacturing Co., Los An- 
| geles. 
New manager of the commercial] 


engineering section of Jack & Heintz, 


| Inc., Cleveland, is Robert G. Dobbin, 


who joined the organization last year 
as a design engineer. Mr. Dobbin will 
direct the engineering of fractional- 
horsepower motors. 

Holder of a bachelor of science de- 
gree in electrical engineering from 
the Milwaukee School of Engineering, 
Mr. Dobbin served for more than 10 
years as a designer of fractional- 
horsepower motors at General Elec- 
tric. Prior to joining Jack & Heintz, 


| he was serving as motor consultant 


| hem, 


for International General Electric at 

Schenectady, N. Y., and in Brazil. 
The Roller-Smith 

Pa.. 


Bethle- 
electric 


Corp.., 
manufacturers of 


| instruments, and power and switching 





| 
| 


equipment, has advanced John R. 
Staller to the position of chief engi- 





JOHN R. STALLER 


neer for switchgear and bus. struc- 
tures. Mr. Staller has served in the 
design and production engineering de- 
partment of Roller-Smith for over 16 
years. He is a registered professional 
engineer and a member of the Na- 
tional Electrical Manufacturers Asso- 
ciation, American Institute of Elec- 
trical Engineers, and other groups. 

Mr. Staller has recently been in 
charge of the engineering phases of 
equipment being manufactured by 
the corporation for companies work- 
ing on various atomic energy installa- 
tions including Oak Ridge. 


Appointment of William R. Ludka 
as director of staff laboratories engi- 
neering has been announced by Min- 
nesota Mining and Manufacturing 
Co., St. Paul, Minn. Mr. Ludka will 
be responsible for all engineering con- 
nected with 3M’s central research 
and products fabrication departments, 
as well as for its new products and 
defense products departments. He will 
also continue to serve as head of the 
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firm’s chemical engineering staff. Mr. 
Ludka received his master of science 
degree from the University of Wis- 
consin in 1942, He has been with 3M 
since 1950. 


Now in charge of all research, de- 
sign and development facilities at the 
Fielden Instrument Division, Robert- 
shaw-Fulton Controls Co., is Fred- 
erick L. Maltby, who has been ap- 
pointed technical director in charge 
of these activities. Previous to joining 
Fielden, Mr. Maltby served in various 
capacities from senior development 
engineer to technical director of the 
Bristol Co., Waterbury, Conn. 


Promotions have been given to 
Fred. B. Winterhalter and Carroll F. 
Cobb at the Allis-Chalmers Norwood 
Works. Mr. Winterhalter, formerly 
engineer-in-charge of a-c design, elec- 
trical section, has been appointed 
chief engineer of the section. Mr. 
Cobb has been named assistant chief 
engineer of this section. 


Grant Graham has been selected by 
the Triad Transformer Corp., Venice, 
Calif., to fill the newly created post 
of product applications engineer. In 
his new position, Mr. Graham will 
work in an advisory capacity with 
design engineers, assisting them in 
their transformer application prob- 
lems. 


The board of directors of Allen B. 
Du Mont Laboratories, Inc., have ap- 
proved the appointment of Thomas T. 
Goldsmith, Jr., as vice president in 
charge of research. Dr. Goldsmith 
who joined Du Mont in 1936 as di- 
rector of research, is a member of that 
company’s board of directors and is 
also president of Du Mont Television 
and Electronics, Ltd., of Canada, the 
company’s wholly owned Canadian 
subsidiary. 

Dr. Goldsmith, one of the coun- 
try’s outstanding scientists, is active 
on committees of the Radio-Electron- 
ics-Television Manufacturers Associa- 
tion, the Institute of Radio Engineers, 
the American Institute of Electrical 
Engineers, and other professional so- 
cieties. The call letters of Du Mont’s 
Washington, D. C., station WTTG 
stand for Dr. Goldsmith’s initials. 


The Mine Safety Appliances Co., 
Pittsburgh, has advanced Charles W. 
Punton to the post of director of en- 
gineering. Mr. Punton has been with 
the company since 1929 and is a 
graduate of the University of Kansas. 


Wallace R. Persons has _ been 
elected president and a director of 


the Emerson Electric Mfg. Co., St. 
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4 Plugged In for Easy Replacement 
2 Polarized for Correct Positioning 


on Still Can Be Soldered In The Set 


Available In All Sizes. Write for Further Information. 


ZIM 75 sion 
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415 N. College Ave., Dept.M-1, Bloomington, Indiana 
In Canada — 50 St. Clair Ave., N. W., Toronto 
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... Maybe one of these 
REULAND “specials” 


will solve it! 


FLUID-SHAFT MOTOR 


Motor with internal fluid coupling. Provides 
smooth load acceleration. More compact than 
separate motor and coupling. Assures perfect 
alignment. Will start heavier loads than stand- 
ard motors of same horsepower. Used on 
cranes, conveyors, mixers, etc. 


FLUID-SHAFT MOTOREDUCER 


Consists of Reuland Fluid-Shaft motor and gear 
reducer as one compact unit. Converts the 
motor’s conventional high speed into a slow 
speed, high torque output. Provides smooth 
starts. Prevents equipment jamming. Used on 
cranes, hoists, car pullers, etc. 


RIGHT-ANGLE MOTOREDUCER 


Consists of Reuland motor and worm gear 
reducer. Provides unlimited mounting versa- 
tility. Permits use of 1 high speed and 2 slow 
speed power-take-off shafts, if desired. Ideal 
for designing into cramped quarters. Also 
available with Fiuid-Shaft drive motor. 


HYDRAULIC PUMP MOTOR 


Special end bell flange permits direct, end bell 
mounting of all standard makes of pumps. 
Eliminates need for special mounting platforms. 
Assures absolutely perfect alignment with 
pump shaft. Available with mounting flange 
on one or both ends. 


THROUGH-SHAFT MAGNETIC BRAKE 


“Doughnut” type design allows extension of 
shaft entirely through brake. Permits use of 
TWO output shafts per motor. Can be mounted 
on the input or output shafts (or both) of Fluid- 
Shaft motors and motoreducers. Only 6 major 
parts...self adjusting... half usual length. 





Whatever your drive problems may be, there is a 
good chance that the Reuland “library of specials” 
contains a unit that is already tailored to your needs. 
Its availability will save you development work and 
put you in production faster. 

Write today, outlining your particular problem. No 
eens, of course. 


, : ELECTRIC 
COMPANY 
DISTRIBUTORS IN ALL PRINCIPAL CITIES 
WESTERN DIVISION—ALHAMBRA, CALIFORNIA + EASTERN DIVISION-HOWELL, MICHIGAN 
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Louis. Mr. Persons, who has served 
Lincoln in various capacities during 
the years has been associated with 
this firm since 1934. A graduate of 
Case Institute of Technology, he was 
awarded a citation last April by his 
alma mater. 


New member of the research staff 
of the United States Testing Co., Inc., 
Hoboken, N. J., is Dr. Raymond M. 
Fuoss. Dr. Fuoss has been employed 
as a consultant and will be responsi- 
ble for research activities in the Test- 
ing Company's Boston laboratories. In 
addition, he will coordinate the work 
being done between the Boston 
branch and at the main laboratories in 
Hoboken. 

Dr. Fuoss, a chemist, has special- 
ized in dielectrics, polymers, and elec- 
trolytes. In 1945 he was appointed 
Sterling Professor of Chemistry at 
Yale. Dr. Fuoss has also served on 
the research staff of the General Elec- 
tric Co. and has been a consultant for 
OSRD. ONR, and Monsanto and 
Goodrich. 


Westinghouse Electric Corp. has 
advanced L. A. Kilgore to the post of 
staff engineering manager for the East 
Pittsburgh Divisions. In his new posi- 
tion, Mr. Kilgore will direct the engi- 
neering laboratories and help to direct 
the design and development work of 
the electrical generating and distribu- 
tion apparatus produced at the plant. 
Mr. Kilgore holds more than 25 
patents on electrical machines, and is 
the author of numerous _ technical 
papers on their characteristics. 


Now representing the Warner Elec- 
tric Brake & Clutch Co., in the 
southeast is Arthur Schroeder, who 
has been an application engineer with 
headquarters at Brookhaven, Ga. Mr. 
Schroeder will head up a program of 
offering engineering services to users 
of his company’s industrial electric 
brakes and clutches 


Fifty years ago, Ludwig Arson 
sent out the first marine distress call 
by wireless. Now the president of 
Radio Receptor Co., Inc., Brooklyn, 
N. Y., Mr. Arnson was recently hon- 
ored on his 50th Anniversary with a 
testimonial dinner given in his honor 
by the Veteran Wireless Operators’ 
Association and his business asso- 
ciates. For this call, Mr. Armson was 
given a letter of commendation by 
Lloyds of London and a Medal of 
Achievement, some 10 years ago, by 
the Veteran Wireless Operators’ Asso- 
ciation, 


Promotions were recently given at 
the Stromberg-Carlson Telephone 
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Hoskins Chromel-Alumel ther 


mocouple alloys accurate- 
ly register exhaust temper- 
atures of jet aircraft engines. 


Heating elements made of 
Hoskins Chromel give long life 
service in industrial electric 
furnaces, home appliances 


Hot stuff for hot jobs! Hoskins 
Alloy 502 is widely used by 
industry for many heat resist- 
ant mechanical applications. 


Oa le 


eat es 
valve last ? 


You're looking in on a life-saving operation . . . 
one that’s being performed on an engine valve. 
Not an ordinary valve for an ordinary engine. 
But a valve destined for long, hard service in 
an aircraft, tank, or heavy-duty truck engine. 
A valve that must be made to stand up under 
extremely severe operating conditions . . . high 
temperatures, for long periods of time, plus 
the destructive corrosive action of hot exhaust 
gases. 


And what’s responsible for long valve life under 
such gruelling conditions? Nothing less than 
Hoskins Alloy 717 a closely controlled 
nickel-chromium composition developed espe- 
cially for just such tough and vital service. It’s 
highly resistant to heat . . . immune to the corro- 
sive atmospheres created by combustion of high 
octane fuels. What’s more, it’s readily applied 





by fusion to form a non-porous protective 
facing over the basic valve forging. 


But 717 is only one of several specialized 
nickel-chromium alloys developed and pro- 
duced by Hoskins. Among the others: Alloy 
502 . . . known throughout industry for its 
dependability on a wide range of heat resistant 
mechanical applications. The Chromel-Alumel 
thermocouple alloys ... unconditionally guar- 
anteed to register true temperature—E.M.F. 
values within specified close limits. Spark plug 
electrode alloys which have become universally 
accepted standards of quality and durability. 
And, of course, there’s Hoskins CHROMEL 

. the original nickel-chromium resistance 
alloy used as heating elements and cold resistors 
in countless different products. 


MANUFACTURING COMPANY 


4445 LAWTON AVENUE, DETROIT 8, MICHIGAN WIRE 


WICKEL CHROMIUM 





Robert R. Dobbin, who have been ap- 
pointed chief engineer and assistant 
chief engineer, respectively. Both men 
joined the company in 1946. 


Appointment of Zeke R. Smith as 
manager of its Chicago engineering 
sales office has been announced by 
Potter & Brumfield, Princeton, Ind. 
Mr. Smith was formerly associated 
with the Kansas City Division of 
| Bendix Aviation Corp. as components 
engineer. During World War II he 
| was a radar instructor with the U. S. 
| Air Force and later was associated 
| successively with Airborne _Instru- 

ments Laboratory, Philharmonic 
| Radio Corp., and Air King Products 
| Co. Mr. Smith holds a degree in 
| physics from Kansas State College, 

and is an active member of the IRE. 


Division, to Harry M. Bruckart and 
| 
| 


Franklin R. Kadison is the new 
director of research and development 
at Sealtron Corp., Cincinnati. Mr. 
Kadison, who had had extensive ex- 
, . : ; ? perience in developing glass-to-metal 
Here’s peak corrosion protection combined with products for electronic equipment, 
conductivity, weldability and solderability. Here’s | comes to Sealtron from Electrical In- 
a finish that holds paint firmly, prevents underfilm | dustries, Newark. There, he served 
corrosion. Here’s a line of attractive final finishes | as assistant to the chief engineer in 
to add quality and sales-appeal. Here’s Iridite ... | the hermetic seal division. 
| 


IRIDITE 






and here’s how you can use it: 

New member of the engineering 
C AND CADMIUM you can get highly corrosion resistant staff at Varo Manufacturing Co., Gar- 
finishes to meet any military or civilian specifica- | land. Texas is Paul E. Wible. Mr. 
tions and ranging in appearance from olive drab Wible has been appointed a project 
through sparkling bright and dyed colors. | engineer and will conduct research 


Iridite brightens copper, keeps it tarnish-free; also and development work in the field of 
lets you drastically cut the cost of copper-chrome | electronics. 

plating by reducing the need for buffing. A graduate of the Rose Polytechnic 
Iridite gives you a choice of natural aluminum, a Institute with = B.S. degree in elec- 
golden yellow or dye colored finishes. No special trical eee are Mr. W ible has had 
racks. No high temperatures. No long immersion. | considerable ee the field 
inane Kant Riealiie | of closed loop devices. He has worked 
; | on servomechanisms, audio feedback 
| amplifiers and motor controls, Several 
| patents are pending for his research 
work, Prior to acceptance of his posi- 
tion at Varo, Mr. Wible was asso- 
ciated with the Naval Ordnance Plant 
at Indianapolis. 





Iridite provides a highly protective film in deepen- 
ing shades of brown. No boiling, elaborate cleaning 
or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature by dip, brush 
or spray. No electrolysis. No special equipment. No exhausts. No specially 
trained operators. Single dip for basic coatings. Double dip for dye colors. 
The protective Iridite coating is not a superimposed film, cannot flake, | 


: The new plant of Magnetics Incor- 
chip or peel. 


porated located just outside of Butler, 


WANT TO KNOW MORE? We'll gladly treat samples or send you complete data. Write | Pa., is scheduled to be in full opera- 
direct or call in your Iridite Field Engineer. He's listed under “Plating Supplies” in your tion early in January 1954. New facili- 
classified telephone book. | ties include engineering and research 





laboratories, rolling mills, assembly 

and fabricating facilities for high 

A. Q ° eae ARCH | Pe ' | permeability steels, cores, laminations 

— satiated artnet and components for magnetic ampli- 
INCORPORATED Gers. 

4004-06 E. MONUMENT STREET ¢ BALTIMORE 5, MD 


wet: > Franke Gear Works, Inc., Chicago, 


announces the purchase of controlling 
interest in Speedy Electric Glass 
Washer Company, manufacturers of 
portable electric rotary brush washers 


lridite is approved 
under government 
specifications 










276 ELECTRICAL MANUFACTURING 
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Su perior 
Stainl 

int ess Among many vital needs, the great planes 

of our worldwide defense system require 


gives them stay-put strength hose connections that are absolutely safe 


and greater manufacturing ease and sound. Here, stainless steel serves with 

admirable efficiency—resistant to corro- 

sion, tough and strong. ® In hose clamp 

manufacture, SUPERIOR STAINLESS 

Superior Steel brings extra benefits of exactness in gauge, 

temper and finish for better workability, 

CORPORATION finer product performance. Write us regard- 
CARNEGIE, PENNSYLVANIA ing your applications. 





iain 


for restaurants, laboratory and indus- 
trial service. Engineering and admin- 


EDGE-LIT PANEL MOUNTING istrative offices will be moved to the 
Series L2000 Franke plant, 1920 West Columbia 
Designed for MIL-P-7788 panels. Ave., Chicago 26. 

Sturdily constructed with integral ; ox 

molded-in terminal and snug-fitting Jackson and Church Co., Saginaw, 

plastic lens that will not vibrate | Mich., has retained R. Louis Rouge- 

loose. Easy to mount. Write for | mont, former chief engineer of Reed- 

Hetherington Bulletin L1. Prentice Co., Worcester, Mass., as 

- consulting engineer for its plastics 

REGULAR PANEL MOUNTING | division. Mr. Rougemont was respon- 

Series L1000 | sible for developing the Reed-Prentice 

Combines exceptionally small size | line of plastics molding presses, die 

and light weight with durable con- | casting machines and machine _ tools 

struction. Unaffected by heavy shock during the past 13 years. Previously 


or vibration. Effectively sealed he was development engineer with 
against moisture. Terminal is molded Ingersoll Milling Machine Co., Rock 
into the assembly. Write today for ford. Ill. 

Hetherington Bulletin L1. 





J. C. Van Arsdell, former manager 

of sales engineering, Electronics Divi- 

sion, Erie Resistor Corp., Erie, Pa., 

fo r has been appointed assistant general 

> epe manager of the division. William 
maximum d e Pp en d G b t | t t y Klevans, field sales engineer, succeeds 
Mr. Van Arsdell. William J. Wervey, 

who has been sales engineer in Elec- 


e tronics, succeeds Mr. Klevans as elec- 
tronics sales representative. Ralph L. 
Hathaway has been promoted from 
superintendent to works manager of 
the Electronics Division. Horace S. 
Herrick has been promoted to man- 


ager of Quality Control, Electronics 


Division. 
INDICATOR LIGHTS 






R. M. Swetland has been appointed 
manager of the General Electric 
Lighting and Rectifier Department I]- 
luminating Engineering Laboratory at 
Lynn, Mass. Nationally known street 
lighting authority, Mr. Swetland has 
served as a consultant on street light 
ing for several governments. 


In addition to the standard indicator lights illus- 
trated, Hetherington produces many adaptations 
and “‘specials’’ for military as well as commercial ; 

at : Kenneth W. Horsman as new gen- 
needs. Write for details on any type. el mene <f the Werhines 
Corp.'s Plainfield (N. J.) Works, will 
be responsible for engineering, manu- 
facturing, and sales of the products 
manufactured at that location, includ- 


"PUSH-TO-TEST” INDICATORS 


Series L3000 ing concrete machinery, industrial 
Widely used in military aircraft and mixers, and welding positioning equip 
ideally adapted to many industrial ment. 
uses. Bulb is lit by pressing spring- 
mounted plastic lens button. Sup- Dr. Hilary Moss has joined the staff 


plied with or without silicone rubber 
boot for moisture protection. Write 
for Hetherington Bulletin L1. 


of the Research Center, Burroughs 
Corporation (formerly Burroughs Add- 
ing Machine Co.), Philadelphia, as 
manager, Tubes and Circuits Depart- 


SWITCHES ment. Dr. Moss was formerly chief 
WITH BUILT-IN LIGHTS . engineer of Electronic Tubes. Ltd.. 
in a variety of types and switching England. 


arrangements save weight and panel 
space. Write for Hetherington 


A number of engineering and ex- 
catalog. 


ecutive changes have been announced 
by Westinghouse Electric Corp. C. M. 
HETHERINGTON, INC. Laffoon has been appointed assistant 





SHARON HILL, PA. manager of the Transportation and 
West Coast Division, 8568 W. Washington Bivd., | Generator Division. Veteran of 38 
Culver City, Cal. / vears engineering experience with 
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Consider These 6 Advantages of 
Designing Your Product With a... 





Pocket-size gear motor for ma- 
chine applications requiring low 
evtput shaft speeds with rela- 
tively high torque. 





Compactly designed motor de- 
veloped for metering pump and 
special instrument service. 





Gear unit for reversing service 
with constant speed capacitator 
type motor. 





2 mb Eleclide 


FRactionat Horsepower MOTOR 
Perhaps you will find the answer to your problem, 
“How can we give our product more sales appeal?” 
by redesigning with the help of the Lamb Electric 
engineering department. 

A Lamb Electric Motor — especially engineered 
for your product — makes available the following 
six important advantages: 

IN THE MOTOR... 

1. Reduced cost, weight, space. 

2. Exact mechanical and electrical requirements. 
3. Thorough dependability. 


IN THE PRODUCT... 

4. Better performance. 

5. Improved appearance. 

6. Compactness, less weight. 


Our engineering department will be glad to team 
up with yours to help obtain these results. 


The Lamb Electric Company ¢ Kent, Ohio 


In Canada: Lamb Electric—Division of 
Sangamo Company Ltd.—Leaside, Ontario 





Planetary inbuilt speed reducer Compactly designed turbine pro- 
permits a straight-line drive, vides dependable operation for 
symmetrical construction; insures canister-type vacuum cleaner. 


good performance. 


THEY'RE POWERING AMERICA'S “faxes” PRODUCTS 
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variable auto-transformers 


for smooth, continuous control of 
Voltage * Power * Speed « Heat Light 









The highly efficient, new 3000B Adjust-A- 
Volt, latest in variable transformer de- 
sign, gives excellent regulation Junction 
box provides for B-X or conduit wiring. 
It's ruggedly constructed for standard 
bench, panel mounting or built-in appli- 
cations. Input from 115 V, AC line—out- 
put ranges from 0 to 135 V Max rating 
4000 VA Ganged assemblies provide for 
series, parallel or polyphase operation 
with a single knob 


New design pre-adjusted brush 
assembly maintains almost uni- 
form pressure from full-brush to 
no-brush... assures longer, more 
reliable operation. Easy to insert 
—uses only two screws. 





Compact. efficient Type 
300BU is ideal for 


Write tor new 18-page Catalog No 553-5 with full built-in applications 


specifications and prices on the full Adjust-A-Volt 
line ranging from 0.34 to 16.8 KVA. 


STANDARD ELECTRICAL PRODUCTS COMPANY 
2240 £. THIRD ST. * DAYTON, OHIO 






IF YOUR PRODUCT CALLS FOR ELECTRIC HEAT... . 


ra 
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HEATING LIG 
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... there’s a WATLOW HEATING UNIT DESIGNED FOR YOU! 


Wherever the job calls for dependable, efficient, clean controlled heat— 
there’s a Watlow Heating Unit of the right size, shape and capacity to do 
the job faster and better. 








Consult Us for Your Special Heating Problems 

A blueprint or pencil sketch of your next 
tough job will bring our prompt recom- 
mendations and quotations, without obligation. 


WRITE for FREE CATALOG — 
strip, band, cartridge, 


immersion units. 









Since 1922 —Designers and Manu- 


280 





Westinghouse, Mr. Laftoon will give 
guidance and assistance on engineer- 
ing problems and product develop- 
ment. 


Robert J. Scott has been named 
vice president in charge of engineer- 
ing of the Rival Manufacturing Co., 
Kansas City, Mo. The company is en- 
gaged in the production of electrical 
and non-electrical consumer house- 
wares in the field of kitchen and 
laundry equipment. Prior to joining 
Rival in 1948, Mr. Scott was engaged 
in the development of electromechan- 
ical devices at Ridgefield, Conn. He 
holds a number of patents for steam 
ironing appliances. 





Company 


Briefs 





The H. K. Porter Co., Inc., Pitts- 
burgh, has acquired the Alloy Metal 
Wire Co., Prospect Park, Pa. The 
Alloy Metal Wire Co. produces stain- 
less and alloy steel wire, rod and strip 
for use in electrical, electronic and 
other equipment. Operations will con- 
tinue under the name of the Alloy 
Metal Wire Co., Div. of H. K. Porter 
Co., Inc. This acquisition is in line 
with Porter’s continuing policy of di- 
versification. 


Alexander M. Lewyt has announced 
the formation of a new company, the 
Tywel Manufacturing Corp., of which 
he will be the president. The new 
firm has been organized to manufac- 
ture air conditioning units for other 
companies under their brand names. 
The new plant is located in Brooklyn, 


N. Y. 


The Signal Engineering and Manu- 
facturing Co. has relocated their plant 
and principal offices in new and larger 
quarters at 273 Branchport Ave., Long 
Branch, N. J. 


Growing importance of the Bur- 
roughs Corp. electronic products has 
resulted in the establishment of the 
Electronic Instruments Division as a 
separate manufacturing and market- 
ing division. Formerly, the Division 
was a part of the corporation’s Phila- 
delphia Research Center. The division 
will produce pulse contro] units, com- 
puters, electronic components, includ- 
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GENERAL PLATE 


Composite Contacts 


Illustrated are typical fabricated composite con- 
tacts and assemblies accurately manufactured to 
customers’ specifications by General Plate from 
General Plate Composite contact material. 


As pioneer manufacturers of composite strip, 
overlay, edgelay and Top-Lay contact metals, you 
are assured of the highest quality raw materials. 
Add to this the know-how of fabrication of these 
composite metals and you are assured of contacts 
that give you positive performance and long life. 


In addition, by letting General Plate fabricate 
your complete contact assemblies, you will save 
money, time and trouble . . . needless equipment 
cost and problems of scrap disposal are elimi- 
nated...contacts and/or contact assemblies 
made to your exact specifications are shipped to 
you ready for installation. 


FEBRUARY 1954 


General Plate Palladium or Palladium Alloy 
Rivets, solid or composite, offer high resistance 
to tarnish and corrosion coupled with low and 
uniform contact resistance over long periods of 
time. When made as a composite rivet or part — 
palladium bonded to a base metal — they reduce 
costs because they permit the use of a minimum 
amount of noble metal. The palladium provides 
the necessary contact surface, the base metal re- 
duces costs. 


Write for complete information and catalog PR700. 


You can profit by using 


General Plate Composite Metals! 





METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


42 FOREST STREET, ATTLEBORO, MASSACHUSETTS 
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ing vacuum tubes. It will completely 
| occupy the building at 1209 Vine St., 
Philadelphia, when the Research Cen- 
ter moves to its new $3,000,000 home 
in the spring of 1954. 


With the announcement of plans for 
a $4,000,000 plant at Burlington, 
N. J., Hercules Powder Co. disclosed 
its entry into the fiber field as a major 

supplier of a key raw material. The 
/ new plant will have a capacity of 
12,000,000 Ib of dimethyl terephtha- | 
late (DMT) a year, for use in the 
manufacture of “Terylene,” British 
trade name for the polyester fiber 
developed in England. A similar prod- 
uct is known in the U.S. as Dacron. 
Construction of the new plant will 
begin soon, expanding the company’s 
synthetic resin facilities at Burlington 
at and eventually doubling the number 
RY of employes there. Completion of the 
OSs . plant is now scheduled for May, 1955, 

, with deliveries to begin July. 
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Marking the beginning of an event- 
ual $8,000,000 industrial develop- 
ment, ground was broken recently on 
the 89-acre site of U. S. Electrical 
Motors Inc. plant in Anaheim, Cali- 
fornia. The first unit to be constructed 
will house the Defense Products Divi- 
sion for the building of aircraft electri- 
cal motors. U. S. Motors also operates 


plants in Los Angeles and Milford, 
Conn. 





THE BIG ONE 


This Pilot Light Assembly was first 
made to accommodate the S-11 lamp and 
was intended for use in the cabs of great 
diesel locomotives. 


Growth of the J. B. Rea Co., Inc. 
has brought about the need for 
larger facilities. To provide for 
present requirements and planned ex- 
pansion the company has moved to 

a new 22,000 sq ft plant, erected at 
or 1723 Cloverfield Blvd, Santa Monica, 


Calif. In addition to engineering and 

THE LITTLE ONE administrative offices, the facilities in 
ie a the new plant include analog and 

The miniaturization program on defense \ digital computing equipment, an elec- 


products required the development of this 


sub-miniature light. It is used on communication aoe 0 tersidie - a cng for 
equipment and aircraft. Midget flanged base € manutacture of products now 
bulbs to fit are rated 1.3, 6, 12, and 28 volts. being developed. 





ACTUAL SIZE 
~ Cot. #613529-211 









. ACTUAL SIZE 

: The television product engineering 
section of General Electric’s radio and 
television department has been re- 
organized in a move to gear the de- 
partment for mass production of color 
television receivers. Dr. Lyman R. 


Cot. #8-1930-621 


Dialco HAS THE COMPLETE LINE 
of INDICATOR and PANEL LIGHTS 


Zmples to suit your own special conditions 
a and requirements will be sent promptly ik, tee Rees aun of 
and without cost. Just outline your + d . 
needs. Let our engineering department engineering had appointed Carroll R. 


assist in selecting the right lamp | Miner as manager of monochrome tel- 
and the best pilot light for YOU. | | evision product engineering and John 


| N. Phillips, manager of color televi- 
Write for the ol a sion product engineering. 
=> HANDBOOK of PIL I 





Foremost Manufacturer of Pilot Lights , More than 26 million dollars will 


be spent during 1954 to rearrange 
DIALIGHT CORPORATION and expand the Westinghouse Electric 


Corp.'s Appliance Division plant in 
60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 Mansfield, Ohio. This is the first step 
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"we specify Snap-Lock Limit Switches 
and Namco Solenoids on all the 
Standard and special machines we 
build because of their dependable 
controls with trouble-free long life" 


L. F. Rothert, Director of Engineering 
Machine Tool Division 


NorHING determines the efficiency of your are now specified as standard equipment by 
production equipment, and the ultimate cost 90% of this country’s machine tool builders 
of its product, so much as the often hidden but 
vital controls that insure its split second pre- specify them used singly and in combination. 
cision, and elimination of down-time losses. Other uses in valves, clutches, switches and in- 
That's exactly the function and the guarantee numerable devices, number in thousands. 
behind Snap-Lock Switches, designed with 
separate sealed off mechanical sides, and of 
Namco “‘Stellite’-Weld Solenoids. Each is a 
patented product. 


alone. Army, Navy and Aircraft suppliers 


If you need to step up a cycle of operation— 
get rid of mechanical wear, save space and in- 
sure more dependable, continuous control of 


your production, ask our Engineers to help you 
Built first to improve controls—‘‘built with “design one in” to your machine or process. 


machine tool ruggedness’’—for our own Acme- Engineering specification catalogs—Limit 
Gridley Automatics, these electrical devices Switches EM-51; Solenoid EM-52. 


ACME-GRIDLEY The re ke) Ny A 9 


BAR and CHUCKING AUTOMATICS 
1-4-6 and 8 Spindle e Hydraulic Thread Rolling ACME COMPANY 
Machines e Automatic Threading Dies and Taps 
© Limit, Motor Starter and Control Station 170 EAST 131st STREET © CLEVELAND 8, OHIO 
Switches @ Solenoids © Contract Manufacturing 


FEBRUARY 1954 













Put dependable MOSINE 


Forest Fibres to work for you! 








. MOSINEE means more than 
“paper” in the field of electronics and electrical 
products. MOSINEE stands for FIBRES that have scientif- 


ically controlled electrical, chemical and physical properties, 


Remember . 


to perform specific functions . . . fibres of dependable 
technical uniformity vital to your quality standards and 


production requirements. 

MOSINEE fibres can be made to your specifications, with 
® good dielectric strength, high tensile or tear strength ... 
® specified pH for maximum-minimum acidity or alkalinity . .. 
® accurate caliper or density... 


® proper impregnation characteristics for resin, wax or other 
substances... 


® proper characteristics for plastics operations and parts... 


@ uniform softness, stiffness, flexibility, toughness... or other 
vital technical characteristics. 


MOSINEE has its sources of quality forest fibres, practical 
experience, laboratory facilities, and scientific production con- 
trols to create and produce the type of fibres your operations 
require. Contact MOSINEE. 







MOSINEE PAPER MILLS COMPANY 


MOSINEE, WISCONSIN 
Dept. EM 


MOSINEE 


makes fibres work for industry 
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in a program to approximately double 
production of several major appliances 
and substantially increase production 
of portable appliances. 


The Ferro Corp., Cleveland, Ohio, 
has formed a wholly owned subsidi- 
ary, Ferro Powdered Metals, Inc., 
Salem, Ind. The new plant, complete 
with manufacturing, laboratory and 
office buildings, will produce pow- 
dered metal machine parts. C. D. 
Clawson, president of the Ferro Corp., 
will head up the subsidiary. 


The Lodge & Shipley Co., Cincin- 
nati, manufacturers of lathes, is ac- 
quiring through merger the Columbia 
Machinery and Engineering Corp., 
Hamilton, Ohio, producer of shears, 
brakes and presses. 


In order to bring custom-engineer- 
ing of silicone products closer to end- 
user needs, General Electric Com- 
pany’s Silicone Products Department, 
has transferred its technical service 
unit from the Engineering Section 
to the Marketing Section. Primary re- 
sponsibility of the Technical Unit 
Service is to assist customers in su:v- 
ing their technical problems, and to 
compile and evaluate technical data 
on silicone products. New manager 
of the relocated Unit is John T. Cas- 
tles. He will make his headquarters 


in Waterford, N. Y. 


Agreement has been reached for 
The Carborundum Co., Niagara Falls, 
N. Y., to acquire the capital stock of 
the Stupakoff Ceramic and Mfg. Co., 
Latrobe, Pa. Stupakoff Ceramic and 
Mfg. Co. will continue operations 
under its present name, and the pres- 
ent organization and personnel will 
be retained under the direction of 
Semon H. Stupakoff, president of the 
company. Among the products of 
Stupakoff are ceramic electrical insu- 
lators, capacitors and resistors, printed 
circuits, and metal-to-glass and metal- 
to-ceramic seals. 


All functions and departments of 
the Equipment Division of National 
Research Corp., are now located at 
the Equipment Division’s manufactur- 
ing plant at 160 Charlemont St., New- 
ton Highlands 61, Mass. The Equip- 
ment Division specializes in high vac- 
uum equipment, including diffusion 
and mechanical vacuum __ process 
equipment. 


To provide better service, the In- 
dustrial Division of the Armstrong 
Cork Co., Lancaster, Pa., has an- 
nounced the formation of one new 
department and the consolidation of 
two others. A new Friction Materials 
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Save production dollars 





Germanium 
Diodes 








Speed Assembly Eliminate 
In Your Circuitry Errors! 


With a unit as tiny as a germanium diode chances of error in assembly are multiplied... . But 
the tapered design of the Radio Receptor diode case works for you to eliminate these problems. 


Allowing polarity identification at a glance or touch, the taper goes a long way to reduce 
error in connecting the diodes into your circuit. The hexagon shape assures ease of handling and 
prevents rolling, especially when the leads are cut off to permit mounting the diode in clips. All 
this means less rejects, increased production and real dollar savings! 


Precision made to meet strictest requirements, Radio Receptor diodes are being specified in an 
ever increasing number of electronic circuits where stability, dependability and durability are of 
prime importance. 


Our engineers will gladly submit their recommendations. Write us today—without obligation, 
of course. We also manufacture Germanium Transistors and SELETRON Selenium Rectifiers. 












.8” APPROX 


2” 
. — -409” MAX 
Pins for clip mount- 


APPROX. 
— ing. i CPD 


EE 


Se 2 PPE 
/ UY 


11/4” MAX 




















-080” MAX. DIA. 


a Zi . IL 1/32” DIA. 















.250” MAX. 
.230” MAX. 


Se 


Tinned wire. 








yA 









Pigtails are crimped 












Hexagon case pre- : Tapered case of Germanium wafer 
vents rolling and fa- . ea for Anterior vacuum im. Molded phenolic with soldered direct to 
cilitates handling. strong permanent Pregnated with inert glass filler shows base. Wafer is not 
connection. wax for permanent direction of current plated. 
protection against flow 







fumes and moisture. 


Seletron RADIO RECEPTOR COMPANY, INC. 
In Radio and Electronics Since 1922 
Sales Dept.: 251 West 19th Street, New York 11, N.Y. 


Telephone: WAtkins 4-3633 ¢ Factories in Brooklyn, N.Y. 


and Germanium 


Division 
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STAR LAVOLAIN® 
Parts by the Million... 





to Your Specifications 


Resistance-wire hooks, rods, bushings, lamp 
socket buttons, ferrules, switch bases, insulating 
Pu Dalaled a-eevk beads—all types of small LAVOLAIN porcelain 
ena a parts are produced in volume to close toler- 
Samples sent on re- ances on automatic machinery to reduce your 
ona. costs and help maintain your production sched- 
ules. LAVOLAIN, highly resistant to thermal 
shock, is used in many types of heating devices. 
It has high dielectric and mechanical strength 
and does not absorb moisture. 


PORCELAIN COMPANY 


41 Muirhead Avenue «+ Trenton 9, N. J. 


Name your problem. 
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Department has been formed to han- 
dle the division’s growing activities 
in the field of power transmission and 
power braking. Ralph M. Hill, former 
department manager for cork and rub- 
ber products, is in charge of develop- 
ment and sales work for the new 
department. The Cork and Rubber 
Products and the Cork Products De- 
partments have been merged to form 
the Gasket and Packing Department. 
Manager is C. B. Grove. 


Philco Corp., has signed an agree 
ment to acquire the net assets of the 
Dexter Co., Fairfield, Iowa, manu- 
facturers of washing machines and 
dryers. The Dexter Co. has been en- 
gaged in the manufacture of home 
laundry equipment for 59 years. Its 
present plant facilities are located at 
Fairfield, Iowa, headquarters of the 
company, and at Alliance, Ohio. Phil- 
co plans to continue operation of the 
acquired company under its present 
management as a separate unit. Its 
output of washers and dryers will be 
marketed under the Dexter name. 


As a major step in an expanding 
metallurgical program, the Westing- 
house Electric Corp. will build a new 
metals development plant at Blairs- 
ville, Pa. Scheduled for completion 
by late 1955, the new plant will be 
devoted to metallurgical development 
and pilot production of special alloys 
and special castings. Initially, about 
200 people will be employed at Blairs- 
ville; this figure is expected to double 
when the plant reaches full capacity 


The Yale & Towne Research Cen 
ter’s new mailing address is: Post 
Office Box No. 111, Valley Forge, Pa 


Electric Regulator Corp., Norwalk. 
Conn., has opened a field engineering 
office in Chicago. A. W. Siff has been 
appointed manager of the new office. 
Formerly, Mr. Siff was an electronic 
engineer with the National Bureau of 
Standards and a project engineer for 
the Bristol Co. 


The General Electric Co., plans to 
build a multi-million dollar plant and 
headquarters at Holland, Mich., for its 
Hermetic Motor Department. Present 
plans call for breaking ground next 
spring; manufacturing will start early 
in 1955. Other manufacturing opera- 
tions of the hermetic motor depart 
ment are located at Fort Wayne, Ind., 
and at Tiffin, Ohio. 


To meet expanding business needs, 
the H. M. Harper Co., has moved 
its New York City branch office to a 
newly constructed 15,000 sq-ft build- 
ing at 225 Hoyt Ave.. Mamaroneck, 


ELECTRICAL MANUFACTURING 





Se EE TET 








Engineers responsible for the design and operation of all 
types of aircraft never compromise on dependability. By 
this same logic, they rely on the experience and ability of 
Pesco for fuel and hydraulic pumps that will insure peak 
performance. They know from long experience that the 
dependability of Pesco products results from several 
factors—all of them important to aircraft design and 
operation. 

First there is Pesco experience. Since 1933 Pesco has 
concentrated its full facilities on the continuous develop- 
ment of aircraft pumps, motors, and accessory equipment. 
The successful solution of thousands of pumping prob- 
lems has provided Pesco with unmatched “know-how” 
in pump design, characteristics, and application. 

Then there are Pesco engineering and research— 
continuous and complete services using advanced tech- 
nology in both design and materials to provide improved 
products and solutions to pumping problems. 

And finally there are Pesco production facilities— 
geared to produce precision units in volume. High- 
precision machines and advanced production and testing 
techniques are reflected in the consistently high quality 
of all Pesco products. 

These same Pesco advantages can be used to solve 
your specific pumping problems successfully. Simply call 
or write the Home Office, Bedford, Ohio. 
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BORG-WARNER 


24700 NORTH MILES ROAD ° BEDFORD, OHIO 
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Driven Hydraulic Pump with 0.056 cubic inch 
displacement. 1.3 gpm @ 3000 psig, 26 Volts. 
Weight 28 Ibs. 


YOU CAN RELY ON 


PESO Zee PUMPS 


FOR THESE ADVANTAGES 
DEPENDABLE PERFORMANCE 
AUTOMATIC ADJUSTMENT FOR WEAR 
LESS MAINTENANCE 


Call or write the Home Office, Bedford, Ohio 
for full information on these Pesco products as 
applied to your specific installation. 


HYDRAULIC PUMPS ° FUEL PUMPS 
AIR PUMPS e POWER PACKAGES 
ELECTRIC MOTORS e BOOSTER PUMPS 
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LOW INERTIA SERVOMOTORS AND 
INTEGRALLY-MOUNTED TACHOMETERS 


Response and stabilization of Positioning Systems can be 
improved with the Diehl Servomotor and A.C. Tachometer. 

Analog System integration is facilitated by the use of the 
Diehl Servomotor with D.C. Tachometer combination. 

Save space...and eliminate coupling problems and 
backlash...with these integrally combined units, motor 
and generator on the same shaft. 

Diehl 5-watt output, 2-phase, 115/115 volt, 60 cycle, 2-pole 
Low Inertia Servomotors are available with a drag-cup type 
A.C. generator or with a permanent magnet D.C. generator 
mounted on the Servomotor as an integral unit, as illustrated: 


MOTOR WITH A.C. TACHOMETER—NO. S.S. FPE25-67-1 


Stalled torque: 
5.0 oz. in. 
Rotor moment of inertia: 
Vi 0.18 oz. in.? 
™ ayia Hevoomtoe output: 
’, 6 volts/1000 R.P.M. 
& 








Stalled torque: 

5.0 oz. in. 
Rotor moment of inertia: 
; 0.18 oz. in.? 
Fe, Tachometer output: 
f 6.5 volts/1000 R.P.M. 


These units are also obtainable for 10 watts output. Both 
the 5 and 10 watt units can be supplied with control windings 
for operation directly from the plates of vacuum tubes, or for 
400 cycle operation. 

Our engineering staff will gladly help you select the units 
best suited to your specific requirements. A request on your 
letterhead will bring you a copy of Technical Manual No. 
EM-0254 describing Diehl Servomotors and related equipment. 


Other Available Components: 
D.C. SERVO SETS © RESOLVERS 
MINIATURE PERMANENT MAGNET D.C. MOTORS 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING CO 
Finderne Plant, SOMERVILLE, N. J 





Atlanta Baltimore Boston Chicago Detroit New York Philadelphia Worcester 


2838 


N. Y. The new branch office and ware- 
house will carry complete stocks of 
the more than 7,000 different corro- 
sion-resistant fastenings produced by 
the company. 


Thor Corp., Chicago, manufacturers 
of laundry and kitchen appliances, 
has purchased the Phillips Control 
Corp., Joliet, Ill., makers of Phil-trol 
components for electronic equipment, 
Phillips Control Corp. will be oper- 
ated as a fully owned subsidiary of 
Thor. John E. Mossman, founder and 
president of Phillips, will remain as 
president of the subsidiary; all other 
members of the Phillips organization 
will also retain their present positions. 


The Dobeckmun Co, Cleveland, has 
completed arrangements to acquire 
the Floyd A. Holes Co., Bedford, 
Ohio. Reasons for the acquisition is 
Dobeckmun’s growing demand for 
laminated, coated and related prod- 
ucts. The Holes’ company plants in 
Bedford and Madison, Ohio, are 
equipped with specially designed lam- 
inating and coating machinery. The 
company was formed about 10 years 
ago with its operations confined prin- 
cipally to the laminating and coating 
of flexible materials, such as films, foil, 
paper and cloth. Operations at both 
Holes’ plants will be continued, with 
present management retained. 


A building program recently com- 
pleted by the Shallcross Mfg. Co., 
Collingdale, Pa., has increased engi- 
neering and production facilities. The 
company manufactures precision wire- 
wound resistors, rotary selector switch- 
es, electric-electronic test equipment, 
and other products. 


Four executives of the Gramer 
Transformer Corp., Chicago, have 
acquired controlling interest in John- 
son Electronics, Inc., Orlando, Fla., 
manufacturers of coils, toroids, com- 
ponents and equipment. Production 
facilities of Johnson Electronics will 
be expanded, and Gramer Transform- 
er will serve as its exclusive national 
sales agency. 


Plans for further expansion of man- 
ufaeturing facilities and the introduc- 
tion of additional new products were 
announced recently by the Dayton 
Pump & Mfg. Company, 500 North 
Webster St., Dayton, Ohio. A new as- 
sembly line for water softeners will 
be opened soon and two new products, 
a package water system for shallow 
wells and an improved room air con- 
ditioning unit, will be introduced soon. 


Two recent announcements from 
American Machine & Foundry Com- 
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RANGE OF MATERIALS 

Depending upon the specific 
properties required by the applica- 
tion, Arnold Tape-Wound Cores 
are available made of DELTAMAX 
... 4-79 MO-PERMALLOY ... 
SUPERMALLOY ... MUMETAL 
...4750 ELECTRICAL METAL... 
or SILECTRON (grain-oriented 
silicon steel). 


RANGE OF SIZES 

Practically any size Tape-Wound 
Core can be supplied, from a frac- 
tion of a gram to several hundred 
pounds in weight. Toroidal cores 
are made in twenty-two standard 
sizes with protective nylon cases. 
Special sizes of toroidal cores—and 
all cut cores, square or rectangular 
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PE-WOUND CORES 


JUST NAME 








YOUR REQUIREMENTS! 


cores—are manufactured to meet 
your individual requirements. 


RANGE OF TYPES 

In each of the magnetic materials 
named, Arnold Tape-Wound Cores 
are produced in the following 
standard tape thicknesses: .012”, 
.008”, .004”, .002”, .001”, .0005”, 
or .00025”, as required. 


| THE ARNOLD [-NGINEERING (SOMPANY 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 





[ML General Office & Plant: Marengo, Illinois 
>) DISTRICT SALES OFFICES . .. New York: 350 Fifth Ave. - 
tt 





~ Los Angeles: 3450 Wilshire Blvd. 


Appliciions 


Let us help with your problems 
of cores for Magnetic Amplifiers, 


Pulse Transformers, Current 
Transformers, Wide-Band Trans- 
formers, Non-Linear Retard Coils, 
Peaking Strips, Reactors, etc. 


Address: ENG. DEPT. E-2 





wad 4613 





Boston: 200 Berkeley st 
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PAPER TUBE PRODUCTS to vour 
EXACT SPECIFICATIONS 


NIEMAND BROS. produce many 
types of paper tube products 

to meet the varied needs 

of the electrical and 

mechanical industries. 


Diameters from .093” to 2’’ and up—wall 
thicknesses of .003’’ to .060’— printed or 
plain—materials such as high dielectric 
kraft, fish paper, foils, special protec- 
tive coated and laminated papers. 


We also make precision drawn 
paper caps from .141” to 2” in 
diameter, as well as special 
die-cut washers and parts to 
required specifications. 


Our modern, high-speed 

equipment and improved 

methods of production result 

in economy and rapid delivery. 

Send us your specifications — our 

highly trained staff will be happy 
to serve you. 


NeEMAND BROS.UING. Mesfecturers of 


PAPER TUBE PRODUCTS 
37-05 THIRTY-FIFTH AVENUE * LONG ISLAND CITY 1, N. Y. 
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JOSEPH D. COSTELLO-APPOINTED 


—_— “IMPROVED” 
CALIFORNIA REPRESENTATIVE 


The Improved Seamléss Wire Com- 
pany in its continuing program of ex- 
pansion in the electrical and electronic 
field takes pleasure in announcing Mr. 
Costello’s appointment. We know he 
will provide on-the-spot service in this 
area of rapidly rising electrical and: elec- 
tronic manufacturing. 

If you are looking for the finest in 
laminated metals and service, contact 
Mr. Joseph D. Costello, 2107 7th 
Avenue, Los Angeles, California. 
Phone: Republic 3-7961. 





The Home of IMPROVED Service 
Rhode Island’s largest manufacturer 
of Laminated Metals 

et 


The IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 
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| pany report the establishing of a 
Chemical Research and Development 
Laboratory in Springdale, Connecticut 
as an expansion of activity presently 
located in the Brooklyn plant. Activi- 
ties will include products and proc- 
esses in foods, tobacco, plastics, elec- 
trical insulation and the design of 
processing equipment in these fields. 
The laboratory will be in charge of 
C. P. Hungerford. The other an- 
nouncement tells of the expansion of 
the engineering laboratories in the 
battery plant in Raleigh, North Caro- 
lina. The new laboratory is now lo- 
cated at 5 Glenwood Avenue and is 
engaging in research and development 
on special purpose power sources for 
| guided missiles, torpedoes and _ jet 
| aircraft. 


Carboloy Department of General 
Electric Company, Detroit 32, an- 
| nounces an engineering appraisal 
| service to aid users in solving problems 
involving permanent magnets and 
high temperature structural materials. 
Application involving corrosion, fric- 
tion-wear resistance, metal cutting and 
forming, and temperature contro]! will 
also be included. 


Rice Pump & Machine Company 
has now moved from Grafton, Wis., to 
their new and larger plant at Belgium, 
Wis., in the Milwaukee industrial area 


A new addition just completed 

doubles the area of the Geo. Stevens 

| Manufacturing Co. plant in Chicago. 

The added space is being used for the 

manufacture of high speed coil 

winders and for an enlarged engineer- 
ing and design department. 


Turbine Equipment Company with 
its manufacturing plant at Mountain- 
side, New Jersey, announced the for- 
mation of the Hynes Electric Heating 
Division for engineering, manufactur- 
ing and sales of Hynes industrial elec- 
tric heating equipment. Products in- 
clude tubular heaters for oil storage 
tanks and for supplying heated fuel 
oil to boilers. 


The McGill Mfg. Co., Valparaiso, 
Ind., has constructed, at a cost of 
$1,000,000, a new plant increasing its 
capacity by more than 35 per cent. 
The new plant provides 45,000 sq ft 
of additional floor space for the pro- 
duction of McGill bearings, and 33.,- 
000 sq ft of office space. 


Construction of a new plant tor 
the fabrication of silicone parts is 
underway adjacent to the main plant 
of Goshen Rubber Co., Inc., Goshen, 
Ind. Completion is expected during 
the first quarter of this year. 
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SUGAR 
HOPPER 







REGISTRATION MARK a 


J (40d cnt 


SEALER i. 
= 
val) 


FREE — 45 more ideas — Get this 


76 page book Shows in detail how designers 
of machines for many different industries have 
employed standard packaged electronic controls. 
Tells how they found new opportunities to reduce 


costs through simplification of design . . . how 
they developed order-getting yser advantages. 
Gives you many idea-stimulating application 
studies. 


SEND FOR YOUR COPY NOW }> 


COMBINATION LIGHT 
SOURCE AND SCANNER 


Automatic Control 


dea of 
UTC 


from the Largest Specialist 
in Photoelectric Controls 


‘ae 
A 
“2 


TO SPEED CORRECTION DEVICE 


Photoelectric Registration Controls for Machines 


The designers of this machine wanted to package sugar in 
small paper envelopes with a trade-mark properly positioned 
on each package. To minimize production costs, trade-marks 
were preprinted on paper webbing and converted into enve- 
lopes in the filling and sealing process. An extremely precise 
inspection and control device was needed to assure filling, 
cutting and sealing in register with the trade-mark. Photoswitch 
high-speed Photoelectric Registration Control was selected. 
Between 7000 and 9000 portions an hour are packaged 
automatically . . . without manual inspection of trade-mark 
location. 

The success of this Control design is typical of thousands of 
systems developed by Photoswitch for Automatic Electronic 
Control of Machinery and Processes. Superior performance and 
reliability are assured by the largest research facilities devoted 
to photoelectric controls. And, the right control for any require- 
ment results from the widest variety of pre-engineered “pack- 
aged” electronic controls available, including liquid level 
controls and timers. For the best solution to your control 
problems, call on Photoswitch .. . first. 


PROTOSWITCH wcorrorare 


Dept. P1-2, 77 Broadway, Cambridge 42, Mass. 
Send FREE copy of ‘Cutting Production Costs with Electronic Controls”. 
Name and Title 
Company 
Address... 








RF LEAKAGE 


ON THE 
DRAWING BOARD 


« - - WHEN YOU DESIGN METEX ELECTRONIC 
WEATHERSTRIPPING INTO YOUR EQUIPMENT 
YOU GET ITS POSITIVE SHIELDING EFFECTIVENESS 
— AT MAXIMUM OVERALL ECONOMY 


Plan now to take full advantage of 
Metex Electronic Weatherstripping’s 
unusual effectiveness in shielding all 
types of electronic equipment. Because 
it is made of knitted wire mesh, Metex 
Electronic Weatherstripping is both 
conductive and resilient. It assures 
positive metal-to-metal contact be- 
tween all mating surfaces. And being 
resilient it accommodates itself posi- 
tively to surface inequalities. 


In reality, Metex Electronic Weather- 
stripping can do more for you than 
just shield RF leakage. It can cut the 
cost of machining mating surfaces to 
close tolerances. It can eliminate the 
need for extra fasteners and many 


other costly means of making joints 
RF tight. 


Applications in which Metex Electronic 
Weatherstripping has already proved 
its effectiveness include pulse modu- 
lator shields, wave-guide choke-flange 
gaskets, local oscillators on TV sets, 
dielectric heaters, etc. 


For detailed 
information on 
METEX 
ELECTRONIC 
PRODUCTS, write 
for FREE copy of 
“‘Metex Electronic 
Weatherstrips”’ 

or outline your 
SPECIFIC shielding 
problem — it will 
receive our 
immediate attention. 
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Abstract and Comment 





Aircraft Industry Needs 
Special Electrical Features 
In Machine Tools 


W. L. Davis 
Douglas Aircraft Company, Inc. 
El Segundo, Calis 


MACHINE TOOLS employed in aircraft 
manufacture are essentially the same 
as those used in other industries. How- 
ever, certain modifications can be 
made on standard machines that will 
adapt them better to the special re- 
quirements of the aircraft field. 

Most large aircraft companies per- 
form as prime contractors. In this role, 
they are committed to furnish machine 
tools to their subcontractors and ven- 
dors. Since tools are often sent into 
distant areas to large and small con- 
tractors, often with a high labor turn- 
over, it is essential that these tools be 
as maintenance-free as possible. To 
achieve this, it is suggested: 1. That 
all machine tool wiring comply with 
the most rigid state electrical code. 
2. That only NEMA standard equip- 
ment be used. 3. That the Joint In- 
dustry Code Standards be adhered to. 

Some specific recommendations that 
should be observed are: 

L. Form and lace all wiring in con- 
trol enclosures to avoid excessive bulk 
and permit more rapid tracing and 
checking when trouble occurs. 

2. Install reversing magnetic start- 
ers, where required, for all except 
fractional-horsepower motors. 

3. On fhp motors use a drum switch 
for reversing control if desired, but 
interrupt the motor load by a magnetic 
starter. Some operators prefer the feel 
and physical action of drum switches. 
However, maintenance records indi- 
cate unsatisfactory life when the full 
motor current is broken. 

4, Electrically interlock the push 
buttons for reversing and multi-speed 
starters. 

5. Consolidate control equipment 
in a common enclosure whenever pos- 
sible. 

6. Eliminate splices and use of 
equipment lugs for multi-wire con- 
nections by incorporating adequate 
terminal blocks. 

7. Leads to moveable parts should 
be of extra-flexible wire. 

8. Flexible conduits should be 
made mechanically and_ electrically 
secure in all connectors with approved 
parts. 


9. Identify all wires on both ends 
by approved markers even if wires 
connect to labelled terminals. 


General Suggestions 


Some suggestions of a 
nature are as follows: 

1. Control enclosures should be ar- 
ranged to provide enough space to 
accommodate other than one control 
manufacturer's equipment so that each 
purchaser may use his preferred make 
of control, thereby reducing his main- 
tenance stock inventory. 

2. Some plants are being planned 
on the “product method” of layout 
where numerous operations are per- 
formed on parts before progressing to 
succeeding departments. This reduces 
transportation time and expense of 
handling material by bringing together 
various operations. Therefore it is de- 
sirable that enclosures be made oil 
and dust tight, so that machines may 
be located any place in the plant with- 
out danger of contamination. 

3. Capacity of control transformers 
should provide a minimum of 200 
watts for supplemental lighting. This 
should be in excess of auxiliary equip- 
ment needs. 

4. Supplemental lighting equip- 
ment should be tailored to the par- 
ticular machine or type of work to be 
performed. 

5. The machine should be self-con- 
tained with only one power service 
necessary. Aircraft design is rapidly 
changing which affects departmental 
work loads. These departmental 
changes mean moving of equipment. 
The fewer services requiring attention 
the more rapidly the move is com- 
pleted. 

6. Gear trains should be reduced 
by the use of multi-speed or variable- 
speed motors. This will assure that a 
greater percentage of the motor horse- 
power will be available at the cutter 
for better utilization of carbide tools 
for machining tough metals. If multi- 
speed motors are used they should be 
properly engineered so that speed 
changing will not damage machines or 
parts. 

7. The following machines should 
be made adaptable for hot forming 
operations: hydraulic presses, punch 
presses, drop hammers, air stamps, 
stretch presses, and power brakes. 
Since the gage and type of material 
being formed does not retain heat for 
any length of time, dies or tools must 
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BRISTOL'S MULTIPLE-SPLINE SOCKET SET SCREWS 


give far greater HOLDING 





POWER 


The splining principle is recognized 
by design engineers as the most 
effective means of transmitting ro- 
tary power. That’s why it’s used in 
propeller hubs, drive shafts and 
automobile axles. In Bristol’s Mul- 
tiple-Spline Socket Set Screws, this 
design results in strength and hold- 
ing power unequalled by any other 
screw. 

Here are some of the features of 
Bristol's Multiple-Spline set screws 
that make them the choice of de- 
sign, production and maintenance 
men everywhere... 


e greater holding power, permit- 
ting use of fewer, smaller screws 


e easier, faster, and tighter setting 


e ability to withstand severe shock 
and vibration 


eno rounding-out, splitting or 
breaking under internal wrench- 
ing 

e tamper-proof 


There's no delivery problem with 
Bristol's Multiple-Spline Socket Set 
Screws, either. In sizes ranging 
from No. 2 wire size to % inch, all 
of Bristol’s screws are precision- 
made to conform to Class 8 fit. 
Write today for your free copy 
of Bristol’s 40-page catalog on 


socket screws. 
A.3.6 





THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Conn. 
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Yes, you can make one false 
note and be all washed up... 
with the name you've spent years 
building,quickly consigned to 
oblivion. We at Kester know the 
importance of consistency .. . 
make sure that the solder 
alloy and especially the flux 
formula never varies, never 
changes. Kester never ex- 
. periments at the expense 

of the solder user! 


Remember that Kester, the engineered Solder, can give you 
the Solder you require ...8 Fluxes in Core Solder with 5 different core- 
openings to select from, which provides the exact flux content needed. 
Also Solid Wire and Bar Solder and “‘Solderforms” (preformed Solder). 


AESTER 


KESTER 


oS 
Flux ¥ 7) core 
SOLDER 


— o ——— a 


SOLDER COMPANY 


4209 WRIGHTWOOD AVENUE, CHICAGO 39, ILLINOIS 
NEWARK 5, NEW JERSEY; BRANTFORD, CANADA 
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be heated. The equipment should be 
capable of functioning properly where 
die or tool temperatures may go as 
high as 400 F. Heat losses through the 
machine should be held to reasonable 
limits. 


Safety 


The aircraft industry is proud of its 
safety record. It is only natural that all 
incoming equipment be checked for 
safety devices that enable us to reduce 
hazards. We have received cutoff 
saws, press brakes and similar poten- 
tially dangerous machines that were 
not properly equipped with limit 
switches and did not provide maxi- 
mum personnel protection. If addi- 
tional protective equipment is thought 
advisable, it is installed before the 
equipment is put into operation. We 
have installed motor plugging equip- 
ment on circular saws, high-speed 
mills and routers. The plugging fea- 
ture improves the safety rating of the 
machine and increases the potential 
output by speeding adjustments and 
retooling. 

Aircraft designers, in attempting to 
keep abreast of day-to-day improve- 
ments, must constantly refine and 
change their design. Shop orders for 
airframe parts are issued in relatively 
small quantities. This means that nor- 
mal production machines undergo 
numerous setups during a shift. Motor- 
ized adjustments on power shear back 
gages, punch preses, sheet rolls, power 
brakes, hydraulic presses and other 
equipment would fill a serious need in 
airframe production. 

Machine tool procurement often 
causes excessive installation problems. 
It is our recommendation that quota- 
tions to the purchaser state physical 
size of control cabinets, power panels 
and other auxiliary equipment. Rec- 
ommended minimum clearances on all 
sides of major and minor components 
should also be defined. Without the 
above information it is not possible to 
intelligently plan shop layouts which 
must be prepared months before in 
stallation. It is suggested that com- 
plete prints of machine outline, foun- 
dation, conduits and piping require 
ments and _ installation instructions, 
with ideal and alternate layout of com- 
ponents be forwarded to the customer 
upon receipt of the purchase order. 
Better schematic wiring and hydraulic 
diagrams and sequence of operation 
sheets should be included. This will 
simplify the field modifications needed 
to satisfy special installation condi- 
tions. ood 


Abstracted from “The Aircraft Indus- 
try and Machine Tools”, a paper pre- 
sented at the sixth annual AIEE Special 
Conference on Machine Tools, Oct. 14- 
16, 1953, in Cleveland. 
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Bendix 


Builds ( 
a 
Better 


Inexpensive 
Efficient 
Versatile 


The new Bendix AN approved AN3057B 
cable clamp is now available. Engineered by 
Bendix to the highest quality standards, this 
cable clamp offers major design improvements. 
The clamping action is radial and completely 
eliminates wire strain and chafing by holding 
the wire bundle firmly in rubber. This clamp 
will accommodate a wide range of wire bundle 
sizes, but an even greater range can be handled 
through the use of the Bendix AN3420A 
accessory telescoping sleeve. 

The new AN3057B cable clamp will also 
waterproof multi-conductor rubber covered 
cable on the rear of a connector, or where 
moisture-proof entrance through a bulkhead 
or into an equipment box is required. 


This versatile clamp is a product of the 
Scintilla Magneto Division of Bendix Aviation 
Corporation and is a companion AN accessory 
to the world famous Bendix Scinflex line of 
electrical connectors. Write our Sales Depart- 
ment for details. 


Tas - ~~ - 


SCINTILLA DIVISION of Bema 


SIDNEY, NEW YORK  *”" on CORPORATION 


FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. 
e 582 Market Street, San Francisco 4, California « Stephenson Bidg., 
6560 Cass Avenue, Detroit 2, Michigan * 512 West Avenue, Jenkin- 
town, Pa. ¢ Brouwer Bidg., 176 W. Wisconsin Avenue, Milwaukee, 
Wisconsin. EXPORT SALES: Bendix International Division, 205 East 42nd 
St., New York 17, N. Y. 








FEBRUARY 1954 
























the solution to your 


SPRING PROBLEMS — 


is in our Files rn" 


Our files are literally bulging with the solutions 





to tough spring problems. Chances are, the exact 
solution to your particular problem is among 
them. If it isn’t, you can be sure our experienced 
Spring Engineers will arrive at it in short order. 
Over the years they’ ve turned their hand to the 
solution of some classic toughies. And over 
the years, Lewis’ facilities, experience and 
reputation have combined to provide you with a 
dependable source for the exact spring for 


the job at the lowest possible cost. 












SPRING 
PROBLEM 
SOLUTIONS 





Looking for the solution to a spring problem? Send us draw- 


ings, specifications or samples today. No obligation, of course. 


LEWIS SPRING & MANUFACTURING CO. 


2646 W. NORTH AVE. CHICAGO 47, ILL. 
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The Finest Light Springs and Wireforms of Every Type and Material 
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Future Challenges to 
Standardization 


IN AN ADDRESS reviewing the 35 years 
growth of the American Standards As- 
sociation at its annual meeting held in 
New York in October, Roger E. Gay, 
president of the ASA and of the Bristol 
Brass Corp., named machine automa- 
tion as the fifth milestone in ASA his- 
tory. When started by the five 
Founding Societies in 1918, the ASA 
was known as the American Engineer- 
ing Standards Committee. Each of the 
four previous milestones came at a 
moment of crisis in the standards 
movement, Mr. Gay recalled. The first 
came in 1920, when in an effort to 
broaden the standards movement, the 
founders invited all interested techni- 
cal societies, trade associations, pro- 
fessional groups, private companies 
and governmental bodies to join them. 
The AESC mission was to act as the 
national clearinghouse for standards 
and to weld conflicting standards into 
a single, generally accepted standard 
designated “American Standard.” 

The second milestone came in 1928 
when the structure of the organization 
was changed from a committee to a 
full-Aedged association, the American 
Standards Association. 

The third milestone came in 1946 
when a group of top businessmen, 
headed by Charles E. Wilson, then 
president of General Electric Co., 
reached an historic agreement with the 
Secretary of Commerce of the United 
States. Under it, the Federal govern- 
ment endorsed ASA as the national 
clearinghouse for standards and en- 
couraged industry to implement the 
association for its post-war role. 

The voluntary standards movement 
of this nation passed its fourth great 
milestone in 1951 when the Federal 
government reversed its policy to- 
wards industry standards. The key 
procurement agencies agreed to base 
Federal and Military standards, wher- 
ever possible, on recognized industry 
and technical society standards. They 
declared further that they would co- 
operate more closely with industry 
groups in standards work. The Fed- 
eral government has already adopted a 
number of American Standards, in 
whole or in part, by reference or by 
transcription. 


Problems Posed by 
Automatic Control 


The fifth great milestone is the 
problem posed by automatic control 
and production. In the strange, new 
economy of automation, Mr. Gay 
asked whether American industry is 
going to continue to keep on using 
standards to solve old problems, to 
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“Made by Engineers 


Support your local 
ADEQUATE WIRING BUREAU 
Program... 
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-“€ORNISH 
Custom 


CORD SETS 


Don't bargain when you're buying cord sets... 
they mean too much to your product. Leading 
manufacturers know and value our technical experience 
and creative ability; to make their appliances BETTER 


... they CORNISH ‘em! 






CORNISH WIRE COMPANY, inc. 


50 Church Street New York 7, N. Y. 


@ATLANTA BOSTON BRIDGEPORT @CHARLOTTE @CHICAGO @CINCINNATI CLEVELAND 
@DALLAS DENVER DETROIT KANSAS CITY @LOS ANGELES @MINNEAPOLIS @PHILADELPHIA 
PITTSBURGH @ROCHESTER @ST. LOUIS @SAN FRANCISCO @SEATTLE 
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Three phase rectifier 
transformer, provid- 
ing separate windings 
for control, filament 
and plate supply as 
a single unit. 


Here are three typical examples of transformers that have 
been designed by Hevi Duty engineers for specific appli- 
cations. Whether your needs are large or small for either 
standard or special transformers, you can depend on the 
engineering skill and modern manufacturing facilities of 
Hevi Duty Electric Co. to serve you. 





Open type three phase insulating trans- 
former for installation in control center 
cubicles. Primary voltages to 15 KV are 
ovailable 


Hevi Duty, 3 KVA type SIO transformer 
is part of a portable test box used by 
electric utilities for testing protective 
relays in the field. 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 


Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 













meet recurring emergencies, and to 
reduce the general confusion? Or is 
industry going to use standards to 
keep problems from arising; to elimi- 
nate the confusion; to serve as the key 
elements in management control, co- 
ordination, integration and planning? 

As we enter the age of the electron 
and the atom, the standards record in 
these new industries is spotty. A good 
start has been made in standards in 
certain areas of the electronics indus- 
try. A new committee within the 
framework of ASA has been created 
to handle future standardization on 
the national level. But other areas are 
untouched. We are now in a situation, 
Mr. Gay said, where private industry 
is about to be asked into a strange 
new field of atomic power, where 
there virtually are no American Stand- 
ards of health, safety, manufacture or 
operation. 

Mr. Gay holds that predetermined 
standards are one of basic require- 
ments of an orderly transition from 
today’s mechanization to tomorrow’s 
automation. His plea is to build a com- 
prehensive, integrated set of true na- 
tional standards now, in advance of 
need. The alternative is to build them 
later in order to unscramble a mess 
that should never have happened. 

oo oO 


Abstracted from a talk, “The Fifth 
Milestone,” presented by Mr. Gay before 
the annual meeting of the American 
Standards Association, New York, Oct. 
19, 1953. 


High-Temperature 
Castings 


FOR SEVERE CONDITIONS of high tem- 
perature and pressure encountered in 
electrical equipment used in oil re- 
fining, heat-treating, gas and steam 
turbines, jet aircraft, and chemical 
processing design is complicated by 
hot gas corrosion of metal parts used 
for continuous or intermittent service 
above 1200 F, where almost any at- 
mosphere tends to be corrosive. Hot 
gas corrosion causes progressive scal- 
ing which can eventually reduce the 
sectional area of an exposed  struc- 
tural element, with consequent loss of 
load-carrying ability. 

Three groups of alloys retain me- 
chanical strength at high tempera- 
tures, and also resist corrosion from 
various types of hot gas. These are 
the chromium-nickel-iron cast high 
alloys (greater than 8 per cent alloy 
content), which are divided by the 
Alloy Casting Institute into corrosion- 
resistant and heat-resistant groups. In 
the heat-resistant group, twelve cast 
alloy compositions are recognized as 
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FASTENER 


e FACILITATES NESTING 
of sheet metal stampings 


UNITED-CARR 


MAKERS OF 
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e ELIMINATES DAMAGE 
due to welded or 
staked studs 





FASTENERS 





Welded or staked studs are easily 
damaged in transit from one de- 
partment to the next or during 
processing, painting, polishing, 
etc. The bolts themselves can 
cause serious damage, denting, 


scratching or chipping painted or 
polished surfaces. 


But this 


QUICKEY SNAPS IN just before 
final assembly . . . allows finished 
parts to be nested for economical 
transportation without protruding 
studs of any kind. Installed at the 
last moment, every Quickey is 
perfect. If damaged during later 
assembly operations, any Quickey 
can be removed and replaced 
easily and quickly, even in blind 
assemblies. 


Like thousands of other fasteners and 
allied devices, designed and manufac- 
tured by United-Carr, Quickey helps 
speed assembly and cut costs. Avail- 
able in a complete range of sizes and 
in volume quantities; further details 
on request. 


UNITED-CARR FASTENER CORPORATION, CAMBRIDGE 42, MASSACHUSETTS 
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Roller Bearings 


as small as 


0.4724” OD 
an RMB first 


@ For heavy radial loads 


@ Separable raceways for easier 
assemblies 


@ Shielded against contamination 
e@ Sizes from 0.4724”0D to 1.0236”0D 
e Available now 


Bring your Miniature 
Bearing Problems to RMB 


A complete line of over 250 miniature and 
instrument bearings including pivot, radial 
and roller types are available for prompt 
delivery. Experimental quantities from stock. 


Write for catalog 13, 
or see our catalog in Sweets Files. 


LANDIS AONR, 


INCORPORATED 


45 West 45th St. * New York 36, New York 
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standard (Alloy Casting Institute “H” | 
series), and within this general classi- | 
fication, there are three distinct types: | 

A. Iron-chromium castings contain- | 
ing up to 30 per cent chromium and | 
under 7 per cent nickel (HC and | 
HD). Type HB alloy, containing only 
18 per cent chromium and useful only 
up to 1500 F, is sometimes also in- | 
cluded in this group. These ferritic | 
alloys offer excellent resistance to 
|oxidation and sulphur-containing at- 
|mospheres, although they have mod- 
erate hot strength. 

B. Iron-chromium-nickel castings 
containing 18 to 32 per cent chro- 
mium, 8 to 22 per cent nickel, with | 
higher chromium than nickel content 
(types HE, HF, HH, HI, HK, and 
HL). Partially or fully austenitic, these | 
alloys have greater high temperaturé 
strength and ductility than the straight 
iron-chromium group, will withstand 
greater loads and temperature cycles. 
'and can be used in sulphur-bearing, | 
oxidizing and reducing atmospheres. 
| C. Tron-nickel-chromium castings 
| containing from 30 per cent to 70 per 
icent nickel and 10 to 20 per cent 
|chromium (types HT, HU, HW. 
| HX). These alloys are fully austenitic, 
| maintain excellent hot strength in ap- 
plications up to 2100 F, and have 
'good life under rapidly fluctuating 
temperatures. They withstand reduc- 
|ing and oxidating atmospheres, do not 
carburize excessively, and do not take 


/group unsuitable for use in atmos- 
| pheres containing substantial amounts 
of sulphur. 
| Most 
|cast alloys suitable for high tempera- 
ture service also withstand the effects 
of one or more varieties of heat treat- 
ing atmospheres—oxidizing, reducing 
and various types of sulphur-bearing 
fuel gas environments. oo Sa § 


What Management Thinks 
of Engineers 


‘IN MANAGING an engineering func- 
tion, it is extremely necessary to plan 
and control all the work—and not let 
the engineer talk you out of it.” With 
these words of caution an engineer- 
ing executive closed his talk to manu- 


facturing executives at a recent meet- | 


ing of the American Management 
Association. E. G. Uhl, engineering 
vice president of the Glenn L. Martin 
Co., was the man. He spoke from 
experience in directing the efforts of 
some 2400 engineers, of whom 2200 
work on a technical level. The rest 
are supervisors. 

Mr. Uhl began by saying that man- 


of the chromium-nickel-iron 


24 HOUR 
DELIVERY 
FROM STOCK! 


RELAYS 


Our stock of more than a 
million relays — in over a 
thousand different types 
—is the world’s largest. 
Don’t delay your produc- 
tion for want of large or 
small quantities of relays 
of any type. 


Telephone, wire or write 
for quotations. 


|up nitrogen in a nitriding atmosphere. | & 
The high nickel content makes this | 
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NEW AND MORE 
COMPREHENSIVE 


1954 | 4 
RELAY SALES / tna ogy 


CATALOG No. C5 


NOW READY 


Be sure to send 
for your copy 





Telephone 


SEeley 8-4146 





4721 W. MADISON 
DEPT. 2, CHICAGO 44, ILL. 
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agement people think that an engi- 
neer is a poor supervisor. Second, 
they think that engineers always have 
to be right; they argue over a prin- 
ciple and lose sight of the total end 
objective. Third, engineers are over- 
specialized. They think in terms of 
machines and inanimate objects rather 
than in terms of people. Lastly and 
probably worst, Mr. Uhl felt, they 
have a resistance to authority. 

He wondered whether engineers 
are born this way, or whether they 
develop these familiar characteristics. 
To begin with, Mr. Uhl thinks that 
an engineer is trained not to think 
but to be a technician—a “handbook 
artist.” Second, he feels that engineers 
are not trained to use much judgment 
to come up with an answer on the 
basis of plain, ordinary thinking, with- 
out solving the problem mathemat 
ically. Most companies have only a 
few engineers and simply throw them 
into the organization without worry- 
ing particularly about how they are 
supervised. They spend their time 
picking the brains of the individual 
engineer. They encourage the man to 
be overspecialized. 








Du Mont "Multi-Scanners” guarantee 
finest TV film reproduction ... a4 
product of the Television Transmitter 
Division, Allen B. Du Mont Labora- 
tories, Inc. 


Good Supervision Essential 


To do something with a group of 
engineers you have to give them good 
supervision, Mr. Uhl said. You have 
to have a supervisor who can encour 
age these men to work to the best of 
their abilities. Furthermore, it is im 
portant to encourage engineers to be- 
come supervisors by giving them 
supervisory jobs to do. To the engi- 
neers question: “Do you want me to 
be a supervisor or to do a technical 
job?” the obvious answer is, “I want 
you to supervise these people to do 
a good technical job.” 

Engineers need to be taught the 
importance of timing. In their desire 
always to be right, engineers can 
spend years just trying to be right, 
until their solution is not needed any 
more. They must be convinced that 
a 90 per cent solution arrived at on 
time is better than a 99 per cent solu- 
tion that is too late. 

It has been said that you cannot 
plan engineering—that you cannot 
schedule development or research. Ac- 
tually, Mr. Uhl maintained, it is just 
| as reasonable to expect to plan re- 
search, or engineering work, as it is 
to expect to plan manufacturing. 
| Once a plan has been made, the work 
is easy to control; it only involves 
keeping score on the plan laid down. 

The plan serves as a goal for the 
engineer to work toward. Moreover, 
if you don’t insist that an engineer 
plan his work, he will tend to go on 
improving the particular project he is 
working on, unless management says: 


These GTC 
Transformers 
are used in 
Du Mont 
*Multi- 

Scanners" 








Du Mont, to maintain leadership in television 
scanner production and development, specifies 
only the finest parts — including GTC trans- 
formers. 


Your products undoubtedly necessitate the use 
of the finest transformers for standard as well as 
unusual applications... why not specify GTC? 


We invite your inquiries 





GENERAL TRANSFORMER COMPANY 


serving industry since 1928 
18240 Harwood Avenue, Homewood, Illinois 
(Suburb of Chicago) 
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THERMOCOUPLES 
Revere manufactures all types of 
thermocouples for aircraft and a 
industrial applications such as 
Moulding Presses, Oil Tempera- 
ture, Cylinder Head Temperature, 
Fire Detection Systems, etc.; in 
lron-Constantan or Chromel- 
Alumel. 


HARNESSES 
Flexible, semi-rigid, and rigid 
harnesses are custom-made by 
Revere for virtually all aircraft 
engines and test stand opero- 
tions and for many industrial 
uses. Submit your special har- 
ness application today. ww 


Resistors are manufactured in 
accordance with AN-5540-2 and 
AN-5541-1 specifications. All are 


ruggedly constructed to guaran- SEND FOR 
tee long life under hard usage. 


Accuracy—dependability—long life are three necessary 
attributes of temperature measurement equipment. On all 
3 counts Revere products have established unsurpassed 
performance records. Recognition of their quality by the 
government and industry has made Revere one of the 
foremost producers of thermocouples, thermocouple wire, 
harnesses, plastic-insulated wire, and accessories! 


Your dependable 




















THERMOCOUPLE WIRE 
Stranding, wrapping, twisting 
and asbestos serving equipment 
enables Revere to produce ther- 
mocouple wire with cotton, glass, 
stainless steel, tinned copper 
and silver plated copper in ac- 
cordance with AN and Mil 
Specifications. 





ie 


CONNECTORS 
Thermocouple Adapters, Termi- source O SU EXTRUDED PLASTIC WIRE 
nals, Fire Wall Connectors and A new high temperature thermo- 


plastic insulation extruded over 
wires of all types, developed for 
use in hermetically sealed equip- 


FREE BULLETINS! ment or hot wiring jobs. Avail- 


able in 14 colors. 


Revere’s modern plant is capably staffed and equipped to 
offer complete and efficient service to all your temperature 
measurement requirements. Many standard stock items are 
available for immediate shipment. Special orders can be 
handled without delay. For more detailed information write 
to Revere Corporation of America, Field Engineering, Dept. 
1, North Colony Road, Wallingford 2, Connecticut. 


REVERE CORPORATION OF AMERICA 


WALLINGFORD 2, 
precision instruments 
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“This is what our plan calls for. Now 
is the time to stop.” 

At the Martin Company all engi- 
neering work is planned. In making a 
plan, essentially a Gantt chart is used 
as a working tool for the engineering 
supervisor at all levels. This plan is 
broken down into lumps of work that 
the engineering supervisor is respon 
sible for. Management is able to keep 
score on the engineer by means of a 
group of auditors, or control people, 
who check all the plans. They add up 
all the work still to be done, compare 
it to the dollars yet to be spent, and 
get a budget report. 


A chart is also used to handle 
scheduling, plotting the expected rate 
of expenditure or man-hours by add- 
ing up all the plans of all the engi- 
neering supervisors. The dates on 
which jobs are supposed to be com 
pleted are charted and the number 
of hours they are supposed to take. 
Then, as work proceeds and the plans 
are audited, the man-hours spent and 
the actual completion dates of the 
various jobs are compared with the 
schedule. 


How to Increase the 
Number of Engineers 


LenicH Universiry, Bethlehem, Pa... 
has one answer as to how to increase 
the number of engineers available for 
industry. Its suggestion: Financial 
support for students that would other- 
wise not be able to go to college. In 
a bulletin entitled “More Engineers?” 
Lehigh suggests that industrial firms 
underwrite such scholarships. 


The booklet points out that $1500 
per year or $6000 for a four-year 
course would train one engineer. 
Firms in the normal tax bracket would 
only pay $720 per year per boy. 


The bulletin lists some thirty indus- 
trial firms that are now maintaining 


f 


scholarships at the university. O O © 


Where Transistors Stand 

Walter P. Wills, Director of Research 

Brown Instrument Division, Philadelphia 

NATURALLY, I can speak only for my 
company, but I'd like to give you a 
research man’s view on where tran- 
sistors stand today. We agree that 
transistors have a tremendous future 
in all of electronics, including auto- 
matic control. Many problems, how- 


369 BAYVIEW AVE. ~ SS = 
ahd EE rN 


AMITYVILLE, L.!. 





ever, must yet be solved. Will they be 
| made of germanium or silicon? Can 
| they be made more reproducible and 
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Check these: 


Stabilizing and Regulating Ability 





Correction Speed 


Waveform Distortion f 


Input Range 


Output Range 


and you will specify 


STABILINE ryvr: IE 


Instantaneous Electronic 


AUTOMATIC VOLTAGE REGULATORS 


Here’s how the Stabiline type IE measures up: Output Range — Output voltage on 115 volt 


Stabilizing and regulating ability — For all 
conditions maximum variation less than 
+.25 of 1%. For input voltage changes, 
variation less than +0.1 of 1%. Load cur- 
rent change or power factor change from 
lagging .5 to leading .9 will vary output 
voltage less than +.15 of 1%. 

Correction speed —- Comparatively instan- 
taneous — 3 to 10 cycles. 


Waveform distortion — Never exceeds 3%. 
Is generally under 2%. 


units can be adjusted from 110 to 120 volts; 
on 230 volt units from 220 to 240 volts. 
Furthermore, the Stabiline type IE has a 
circuit simplicity and mechanical ruggedness 
that minimizes maintenance. 

Check all these characteristics against all 
other automatic voltage regulators and you 
will find Stabiline type IE is superior in 
design, construction and performance. 
Stabiline automatic voltage regulators type 
IE are available in ratings from 






Input Range— For nominal 115 volts output, 
input range is 95 to 135 volts. For nominal 230 
volts output, input range is 195 to 255 volts. 


.25 to 5.0 KVA. Special types 
will be application engineered 
to meet specific requirements. 


Send Coupon Today for Bulletin. $351 


THE SUPERIOR ELECTRIC CO. 







THE 1302 Clarke Avenue, Bristol, Conn. 
SUPERIOR ELECTRIC Please send my copy of Bulletin S351 
COMPANY Name ........ 


ae eeeereeeoeoeend 


BRISTOL, CONNECTICUT ! a ee 
Manufacturers of ! NON a ee eee 
POWERSTAT VARIABLE TRANSFORMERS 1 
STABILINE AUTOMATIC VOLTAGE REGULATORS! Co. Address... eee 
VOLTBOX A-C POWER SUPPLIES Site 
POWERSTAT LIGHT DIMMING EQUIPMENT , 
VARICELL D-C POWER SUPPLIES i City... Zone State 


SUPERIOR 5-WAY BINDING POSTS L 
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‘ In your design, be wary of bargain-priced 
° coils! Remember: Inferior coil construction 
can ruin your end-product . . . but Coto- 
designed and Coto-produced coils build 
customer good will. Without obligation con- 
sult Coto-Coil Company, 63 Pavilion Avenue 
Providence 5, R.I. New York Office: 10 E. 
43rd Street, New York 17. 
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Strom STEEL BALL CO. 


Largest Independent and Exclusive Metal Ball Manufacturer 
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able to handle enough power at de- 
sired voltages? New circuits and new 
transistor types are needed. Today’s 
costs are much too high. 

Even with extensive research and 
development programs, much more 
work remains before transistors can be 
broadly utilized in their natural mar- 
kets—radio, television, and other com- 
munication equipment. Similarly, the 
few types now available do not nearly 
satisfy the requirements of industrial 
instrumentation. 

A tubeless electronic instrument is 
theoretically possible today, and, on 
the basis of safety and reliability ex- 
pected of modern instruments, it is 
anticipated that such a product is 
completely possible and practical in 
the future. 

For upwards of five years, we've 
been devoting a large portion of ow 
research facilities to studying ways to 
utilize transistors . . . looking on them 
not solely as replacements for tubes, 
but as the starting point for totallv 
new instrument circuits. 

In addition, we have invested in the 
patent licenses and the know-how of 
Bell Telephone Laboratories, the pio- 
neer of transistors. We have a large 
stake in providing instrumentation for 
the manufacture of transistors and 
hence are examining all facets of the 
transistor business . . . even to the ex- 
tent of making some with our own 
hands. 

Honeywell instruments and controls 
using transistors will be on the market 
When they are, you can be sure they 
will be the same kind of reliable, ver- 
satile, well-engineered products we 
sell today 500 


Titanium Output Going 
Mostly to Aircraft 


T. W. Lippert 
Titanium Metals Corp. of America 


Propucers of jet engines and_air- 
frames, bedevilled by the formidable 
stresses and thermal attack of trans- 
sonic flight, were the principal users 
of titanium alloy structures in 1953. 
In nonmilitary fields, and despite high 
price, titanium found application in 
equipment for the chemical-process- 
ing and allied industries, and the new 
Douglas DC-7 commercial plane is to 
have sizable quantities of titanium in 
the frame. 

Primary output of titanium sponge, 
the pure starting material for ingot 
metal, in 1953 was pushed upwards 
to over double the 1952 level, al- 
though production did not quite meet 
target levels due to technological dif- 
ficulties. Altogether, 1953 sponge pro- 
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Space is saved, assembly time reduced and errors elimi- 
nated when sturdy, compact Stupakoff Printed Circuits 
are used. In one tiny package—half the size of a book of 
matches—few or many accurately rated components— 
resistors and capacitors—are permanently assembled 
according to specifications. The only connections to be 
made are the external leads. 

Stupakoff excels in the development and manufacture 
of Printed Circuits, and today is equipped with modern 
facilities for the mass-production of dependable units 


made to your specifications. Write for Bulletin 1151-A. 


STUPAKOFF CERAMIC 
& MANUFACTURING COMPANY 


LATROBE, PENNSYLVANIA 
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Molding Process 
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1. Units are pre-heated for 
moisture removal. 


2. Open transformer is inserted, 
Teme) ek 


3. Ken-Seal is poured at room temperature. 


4. Vacuum is created to impregnate 
filled molds. 
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duction is estimated in the area of 
2250 tons, which compares 1075 in 
1952, 500 in 1951 and only 3 tons 
in 1948. 

Military and civilian agencies have 
certified to the need for an absolute 
minimum of 25,000 tons of usable 
capacity in 1955, whereas other stud- 
ies insist on a figure almost twice as 
great if American air supremacy is 
to be maintained. In time of full 
emergency, titanium availability on 
the order of 1,000,000 tons per year 
has been mentioned, a figure barely 
equalled today by the stainless steel 
industry after decades of intense de- 
velopment. 

Designers of supersonic planes and 
guided missiles must combat all prob- 
lems of externa] heat from skin friction 
and internal heat from jet engines, 
and must have a corrosion-resistant 
metal of light weight and very high 
strength, capable of maintaining that 
strength at high temperature. Only 
titanium alloys offer these charac- 
teristics to the designer and the 
speed with which such advanced air- 
craft move into production is depend- 
ent on expanding titanium production. 

In a further effort to bolster the 
quantity of available metal, the De- 
fense Material Production Authority 
in mid-1953 contracted with Crament, 
Inc., for a 6000-ton per year facility 
costing some $25 million and ex- 
pected this wholly owned subsidiary 
of the Crane Co. to be in full pro- 
duction by 1956. Together with 3600 
tons available by mid-1954 from the 
Titanium Metals Corp. of America, 
and 3600 tons from du Pont by the 
end of 1954, this new primary source 
assures only at total of some 13,200 
tons in 1956, still far short of target 
levels. 

Prices for titanium products showed 
no tendency to decline during 1953. 
It is expected, however, that as pro- 
duction continues to climb the com- 
bination of more efficient processing 
schedules and accumulated know-how 
will permit producers to pass along 
savings to their customers. A_ tech- 
nique for the remelting of titanium 
scrap was announced in 1953 by Al- 
legheny Ludlum and should contrib- 
ute to price reductions for primary 
metal. ood 


Powder Metal Parts at 
National Cash Register 


A COMPLETE REPRINT of the paper, 
“Processing, in the Higher Density 
Range, of Durable, Precision Iron 
Powder Parts on a Production Basis,” 
by W. J. Doelker and H. T. Harrison, 


research metallurgists at The National 
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Cash Register Co., Dayton, Ohio, is 
now available from Plastic Metals 
Division, The Nationa] Radiator Com- 
pany, Johnstown, Pa. An extract from 
this paper presented before the Metal 
Powder Association meeting in Cleve- 
land included in the October 
issue of ELECTRICAL MANUFACTUR- 
ING starting on page 157. Copies of 
this 28-page booklet may be obtained 
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Electronics In 
Powered Flight 
Dr. W. R. G. Baker | 


Vice president and general manager 
Electronics Div., 
General Electric Co. 


THE APPLICATION of electronics to | 
powered flight essentially was re- | 
stricted to communication and naviga- | 
tion before World War II. After 1941, | 
electronics equipment was devised for | 
aircraft control, for search and detec- 
tion, and for electronic countermeas- 
ures. 


The next step was to integrate these 
various electronic devices into systems 
to provide a greater element of auto- 
maticity. At the same time great em- 
phasis was placed upon the “fail-safe” 
requirement, to enable humans to take 
over the operation of the aircraft and 
its armament. The need for such 
duplicate systems, added to the com- 
plexity and weight of equipment. 





As for‘ the role of electronics in 
powered flight, today’s job is to assist 
humans in the safe, economical move- 
ment of the aircraft from its point of 
departure to its destination. Tomor- 
row’s job will be to remove the human 
factor from powered flight. Essentially 
there is the same problem in civil 
aviation as in military aviation, in 
piloted, or pilotless aircraft or missiles. | 
The problem is to launch the craft | 
from one point, guide it as quickly as | 
possible, with the least possible chance | 
of interruption of the flight to another | 
point. In piloted, or passenger-carry- 
ing aircraft we must factor in the com- 
fort and safety of the human beings 
aboard. In all types of flight the air- 
craft must be kept from being affected 
by external forces which would pre- 
vent the power plant, the airframe or 
the control system from functioning 
properly, whether such forces be 
weather, acceleration, gravity, atmos- 
phere or enemy weapons. 


To serve such purposes an electronic 
system must be economical, judged by 
the type of work it is to perform, and 
this includes cost, weight, complexity, 
reliability and usefulness. This elec- 
tronic system must be capable of ab- 
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Know if the load is balanced 








Expand low-amp reading by doubling lead 


Eliminate Guesswork! 


EQUIP YOUR FIELD MEN WITH 
THIS POCKET VOLT-AMP TESTER 


Help to assure a correct installation of 
your equipment in.the field, better servic- 
ing, fewer complaints. Equip your field 
men, service men and dealers with an 
Amprobe Jr., the pocket tester that meas- 
ures voltage and current instantly, with 
instrument accuracy, without shutting 
down equipment! Costs only $19.85 (only a 
few dollars more than an ordinary voltage 
tester), so every man can carry one. 


7 Amprobe Jr., models from 0-10 amp to 
0-100 amp; choice of either 0-125/250 volts 
A-C or 0-150/600 volts A-C range. For your 
higher current applications, multi-range 
Amprobes available for 300, 600 or 1200 


Amprobe Jr. 


Snap-around volt-amp tester $ | « 85 


amperes. We can also make up custom 
ranges on quantity orders. Our Engineer- 
ing dept. will be glad to work with you on 
your specific problem. Write today. 
PYRAMID INSTRUMENT CORPORATION, 
DEPT.... LYNBROOK, NEW YORK 

(Export Div: 458 Broadway, N. Y.) 


Send for these free Amprobe service bulletins: 


Pyramid Instrument Corp. 
Dept. EM24, Lynbrook, N. Y. 


' 
‘ 
' 
Please send me the Amprobe service bulletins 
checked below: : 

1 

' 


[-] UL wiring standards, room conditioners 
| Trouble-shooting electric motors 
Portable test instruments 
[ | Electrical servicing of hermetic units 


NAME 


COMPANY 


ADDRESS 


CITY __ZONE__STATE__ 
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MATCHLESS STABILITY 
EXCEPTIONAL ACCURACY 


in any High-Low Resistance Range a 
DALOHM- DC” 


Dalohm resistors are manufactured 
under rigid controls and sealed 
against moisture with special sili- 
cone coating having high dielectric 
strength, excellent thermal conduc- 
tivity, and high resistance to abra- 
sion. 


From 1 ohm to 200 megohms, de- 
pending on type. Temperature 
coefficient 200 PPM per degree C 
for lower resistance ranges up to 
500 PPM per degree C for higher 
ranges. 1% accuracy. Also available 
in 2, 5, and 10% tolerances. 









Complete Engineering, 
Manufacturing, Sealing, 


types for military and commercial applications also 
















Illustrated are some of the sealed relays Comar 


can supply for use in aircraft, communications, 
radar controls, guided missiles, computors, etc. Other | 


Send for Details 
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oe 
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3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


Deposited 


CARBON 


Resistors 





Shown Actual Size 


Write, Wire or Phone 1306 28th Ave., Columbus, Nebr. for price and 
delivery. (Wire wound miniature power resistors also available). 


Phone 2139 
IN CANADA: TELETRONICS CORP. LTD, TORONTO G MONTREAL 


DALE PRODUCTS, INC. | 


COLUMBUS, NEBRASKA 
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sorbing hundreds, perhaps thousands 
of units of information each minute, 
analyzing this information, and then 
acting upon it. This electronic system 
must be capable of remembering and 
of selecting one of a large number of 
alternative actions. It must not be 
responsive to interference, either man- 
made, or natural, but still must be able 
to follow directions from an outside 
source. 

Such an electronics system can be 
made to work reliably for the follow- 
ing reasons: 

1. We have discovered ways of 
performing a multitude of tasks elec- 
tronically and have made great prog- 
ress in the field of servo-mechanisms. 

2. Much progress has been made 
in the designing and building of 
guidance systems for missiles. 

3. Much has been learned about 
electronic computers and memory sys- 
tems. 

4. Great advances are being made 
in semi-conductors, magnetics and fer- 
rites, which hold great promise for 
the development of solid-state tubeless 
electronics. 

5. And finally, but of prime impor- 
tance, there is the motivation for de- 
veloping such a system or series of 
systems, namely national security, 
safety, economy, and in civil aviation, 
competition. 

From this, it can be realized that 
while we are working on today’s elec- 
tronics role in powered flight—of as- 
sisting humans in guiding the aircraft 
from departure to destination—we are 
coming closer to tomorrow’s job of re- 
moving human factor. Ooo 


Abstracted from a talk at the Fall 
1953 Assembly Meeting of the Radio 
Technical Commission for Aeronautics, 
Washington, Oct. 22, 1953. 


Radio Not Dead Yet 


THOSE WHO WERE READY to sound the 
death knoll of the radio set industry 
because of television’s mushrooming 
growth, ought to take a closer look. 
In the first eight months of 1953, 
total radio set sales were more than 
eight million, an increase of two mil- 
lion over the same period in 1952. 
And, there is no sign of a letup. In 
fact, according to David H. Cogan, 
President of CBS-Columbia, Inc., the 
radio set industry can look forward to 
selling approximately eleven million 
sets this year. 

Mr. Cogan bases his optimism on 
several factors. First, he declares now 
that television has passed the novelty 
stage and secondly, the public has 
discovered that radio serves different 
functions than television. Entertain- 
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The success of S-X Aluma-Flux in the sol- 
dering of aluminum is due to the action in 
which the flux initially reduces surface 
oxides and then immediately deposits a 
thin layer of plating material on the solder 
area. Oxidation of the area to be soldered 
is thus prevented while the plating material 
serves aS an approved base on which to 
solder. In addition to its soldering efficiency, 
Aluma-Flux reacts completely during the 
joining operation so there are no corrosive 
flux residues to lower corrosion resistance 
of the finished joint. 


Manufactured By 


ESSEX WIRE CORPORATION 


Ft. Wayne, Ind. 
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Any Type Aluminum 


NIVERSAL FLUX FOR ALL 
ae ML ORR Teed 
JOINED BY SOLDERING 





He: is the only flux ever made that assures the non-corro- 
sive joining of every type of aluminum alloy regardless 
of soldering method—mechanical, manual or dip. No corro- 
sive residue remains in most cases, and soldered pieces can 
be used immediately after the joining operation. 


In addition to aluminum, use S-X Aluma-Flux for soldering 
stainless steel, nickel, brass, copper, bare or galvanized steel, 
cast iron, and other ferrous alloys. Use it for the quick and 
easy joining of unlike metals such as brass and aluminum, and 
for coating copper with tin. There is no other flux like it! 


Even when exposed to salt spray, high humidity, alkaline 
water and other normal corrosion-inducing conditions, alu- 
minum joints made with S-X Aluma-Flux produce no corro- 
sive action. No type of detrimental effect on any soldered 
joint results from Aluma-Flux. 


S-X Aluma-Flux is equally effective when used in molten 
form, or in powdered form as delivered, whichever is best 
for the job. Practically any type of solder can be used. And 
because Aluma-Flux is non-hygroscopic—will not absorb 
water— it can be stored indefinitely without change of weight 
or fluxing efficiency. 
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SERIES RELAYS 


Balanced armature — 
Can be mounted in any 
position. 


POTENTIAL 
RELAYS 


Precision snap-action 
contacts. Convenient 
terminal board wiring. 
Totally enclosed. 


OVERLOAD 
PROTECTORS 


Patented bi-metal snap- 
action—inherent pro- 
tection. Large solder 
terminals. Manual and 
automatic. 


Let R-B-M engineering and production facilities serve 


A COMPLETE LINE — 


Designed to Your Requirements 





you. Phone today or write Dept. A-2. 


Controls for Electronic, 
R-B-M DIVISI Refrigeration, In- 


dustrial, Appliance, 


ESSEX WIRE CORPORATION Communication and 


Logansport Indiana Automotive Industries 
’ 








ment and information can be obtained 
from the radio while listeners are stil] 
active in their daily pursuits. 

Clock radios, portables and small 
table models have gained in popularity 
as gifts. Also, radio has emerged as a 
personalized entertainment instrument 
rather than a medium for full family 
entertainment. 

Discussing miniaturization, Mr, 
Cogan said that the industry’s great- 
est problem was the development of 
adequate speakers which give the 
proper tone quality. Only when this 
is achieved will be able to look for- 
ward to the production of radio units 
considerably smaller than those on 
the market today. oo0 


Air Conditioning 


HALF OF ALL NEW AMERICAN HOMES 
will have complete air conditioning 
by 1958 according to a prediction by 
Cloud Wampler, president of Carrier 
Corporation in an article appearing in 
Steelways, published by American 
Iron and Steel Institute. As the ar- 
ticle points out, air conditioning made 
history in industry long before it got 
around to the home. It got its start 
in the printing business just after the 
beginning of the century, to control 
humidity and keep paper from ex- 
panding and contracting to overcome 
the problem of off-register in color 
reproductions. Textile making was the 
first major industry to take full ad- 
vantage of air conditioning with 
others soon following suit. 

The article includes a concise de- 
scription of what complete air condi- 
tioning does: “It takes moisture out of 
the air in summer and adds moisture 
in winter. Jt cools the air in st mmer 
and heats it in winter. It cleans the 
air by filtering it. And it circulates 
the air, drawing some outside air in 
constantly to keep it fresh.” QO0O 


Engineer Must Sell Ideas 
To Non-Technical People 


“Tomorrow will be the age of the 
engineer—if he can learn to communi- 
cate with others in business,” Norman 
C. Owen, vice president of the Web- 
ster-Chicago Corp., told the Chicago 
Engineers Club in December. 

“The next generation will belong to 
the engineer,” Owen declared, “pro- 
vided his own technical thoughts and 
terminologies are transformed into a 
form of communications not only 
understood but accepted and prompt- 
ly adopted.” 

The trend toward automatic manu- 
facturing operations and more auto- 
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CARBONEERING 
by Speer 





source of new solutions to parts-design problems 


t Soe ee 


*You be the judge 
of carbon’s versatility 


Carbon can be: Carbon has: 


Sewed High corrosion resistance 
Drilled High heat transfer 

Milled Low electrical resistance 
Breached High thermal shock resistance 
Torned High heat transfer (graphite) 
Planed Carbon is: 

Hobbed Non-warping 

Ground Not wetted by molten metals 
Molded Chemically inert 

Extruded Self-lubricating (graphite) 


OPEER 22 


St. Marys, Pa. 


Divisions: Speer Resistor * Jeffers Electronics 


International Graphite & Electrode 
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Looking for a “special” material? 


Then look at carbon—and Speer carboneering. Look at 
carbon’s unique electrical, thermal and mechanical properties— 
and at the way Speer carboneers have put those properties to 


work in scores of new and varied applications. 


Take that small dashpot piston, for example. Made from carbon, 
it’s light, non-warping, self-lubricating and highly resistant to 
corrosion. 


Or those lightweight vacuum-tube anodes, and the diesel engine 
voltage regulator. Carbon gives them characteristics attainable 
from no other material. For only carbon offers such an ideal 
combination of low electrical resistance, high heat transfer, 
and excellent machinability. 


Other examples are virtually endless. They include 
feather-light resistors and 1300 pound electrodes . . . precision 
contacts and intricate glass molds . . . trolley wheels for cranes 
and packing rings for turbines. 


If you have a difficult parts-design problem—a problem 
involving, say, product performance or unit cost—send us the 
details. Carbon and Speer carboneering may well hold the answer. 
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Kirkwood engineers will glad- 
ly work with you in designing 
new commutators for special 
Send 


AEM SUL Lee 
Write for New No. 3 Catalog 


applications us your 









a Ts 


OVER 10000,000 NOW 
CLEVELAND, OHIO 


IN USE 





316 


matic consumer products, Owen 
pointed out, will make the engineer 
the key man in many manufacturing 
companies—if he can gain the under- 
standing and following of the sales 
force, the financial men and others. 

“How often, even today, do engi- 
neers fail to gain acceptance for their 
ideas because they are unable to put 
them across to the others in manage- 
ment? How often does a sales spe- 
cialist, a controller or a personnel 
man push aside the engineer’s recom- 
mendations for lack of understanding? 

“Never in history has the engineer 
commanded the respect that today’s 
society accords him. But, by the same 
token, perhaps no other group is more 
misunderstood. The engineering world 
today is somewhat enmeshed in a net 
of its own creation. For many years 
the engineer has operated on the 
theory that his is a strictly creative 
job—the rest he leaves to someone 
else. 

“I wonder how many engineers 
realize the tremendous potential they 
have toward public acceptance of the 
product they have helped to create? 
The public doesn’t want fancy words 
—it wants facts, and the engineer is 
in the best position to furnish them. 

“As modern living moves toward 
the automatic and the electronic 
world comes into its own, the public 
becomes increasingly willing to ac- 
cept the wonders created by the en- 
gineer. His task now is not to con- 
vince a doubting world but to create 
a new or better product, and to make 
certain in the creation of his brain- 
child that he has not forgotten that 
the public must be the final judge of 
the work he has performed,” Mr. 
Owen concluded. 


Electrical Manufacturing 
Industry Soars 


INDUSTRY SPEAKERS at the Electrical 
Manufacturing Industry session of the 
Industrial Council, held at Rensselaer 
Polytechnic Institute, Troy, N. Y., 
Oct. 30-31, all painted a rosy picture 
of the outlook for the industry. Some 
200 industria] leaders held panel dis- 
cussions with 600 teachers of social 
studies throughout the nation. Great 
as the achievements of the electrical 
manufacturing industry have been, it 
was agreed that the future will be 
greater in terms of scientific progress, 
employment and sales. 

The ten-fold increase in power gen- 
eration between 1920 and 1952 was 
cited by Don G. Mitchell, chairman, 
Sylvania Electric Products Inc. 

“Today’s figures make 1925 dwin- 
dle into comparative obscurity,” he 
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1, 2, 3, 4, 6, 8 and 12 pole interchangeable 
and reversible contact units. 


COP OG OE 
GS Beco 
‘An Exceptionally Versatile 
‘Line in the Heavy Duty Field 


An_ exceptionally versatile line, un- 
equalled in the heavy duty field, with a 
virtually unlimited number of assembly 
combinations to meet the individual re- 
quirements of any portable electrical 
equipment. 

Interchangeable contacts, 1 to 8 poles, 
can be assembled in standard plug 
shells and receptacle housings. The pro- 
tected female contact unit can be as- 
sembled in either plug or receptacle for 
safety in the line side of the circuit, Fus- 
ible types and units with one pole 
grounded are also available. 

Automatic bayonet lock with either 
manual or combination manual and au- 
tomatic release protects equipment and 
wiring. Wide range of pressed steel plug 
| shells, receptacles, and cord connectors 
| available in the complete Triploc line, 
| including cast metal housings threaded 

for watertight gasket seal. Ratings up to 
20 amperes, 250 volts DC, 460 AC, Con. 
sult your Pylet Catalog 1100, Bul. 
1140-1, for complete listings. 


CONDUIT FITTINGS © FLOODLIGHTS 


THE 
PYLE-NATIONAL 


COMPANY 
1388 N. Kostner Avenue, Chicago 51, Illinois 
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DUTCH BRAND SPONGE RUBBER 


Synthetic and Natural Rubber... 
ROLLS * SHEETS * STRIPS * DIE-CUT FORMS ...TO SPECIFICATIONS 


AVAILABLE IN FIVE COLORS 


DUTCH BRAND Sponge Rubber is available in a wide choice of os 2 sat : 
sizes, shapes, thicknesses, densities meeting manufacturing require- Natural Rubber ASTM Specifications 
ments. It meets ASTM specifications and is available in standard No. D1056-52T 
black also brown, gray, red and green ... and special colors No. 3832 Soft Density — RNII 
where quantity warrants. DUTCH BRAND Sponge Rubber is widely No. 4022 Medium Density RNI2 
d ji i f in manufacturing and can be made to eee ae 
WI8G 1h VORGUS TOMS | 9 No. 4031 Hard Density RN14 
meet your specifications. 


Neoprene 
The selection of thicknesses, densities, colors and forms is a big No. 3399 Soft Density $c12 


aid toward meeting varied requirements. Write giving us an out- No. 3394 Medium Density scl4 

line of your needs or send us copies of your specifications and COLORS 

we will furnish samples and recommendations. In many localities 1. Brown 2.Gray 3.Red 4.Green 5. Black 
DUTCH BRAND Sponge Rubber can be had through your Other colors available where quantities warrant 
Industrial Distributor. THICKNESSES 


1/8 inch to 1 inch inclusive 


VAN CLEEF DIVISION, JOHNS-MANVILLE, CHICAGO 19 
Please send sample of tape for following use: 
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| said: “Wired homes, 42 million; tele- 
vision sets 21 million; refrigerators, 
38 million: washers, 32 million; irons. 
38 million.” 

Employment in the electrical m- 
dustry has increased from 90,000 to 
900,000 since 1910, Mr. Mitchell as- 

I ' serted. Salaries and wages, then about 

ee ; $50 million today exceed $3 billion. 

Cee TelE con nectors op" Continental | Value added by manufacture has 

leaped from $120 million to more 
than $6 billion. 

Fifty million television sets will be 
in operation within five years, but 
| cost will make the swing to color tele- 
vision slow, declared Dr. Allen B. 
DuMont, president of the company 
bearing his name. He predicted that 
| within a few years color television 
receivers, with screen sizes equivalent 
to the present 21 in. black and white 
sets, will be sold somewhere in the 
| neighborhood of $500. That, he said, 
is still a high price for mass usage 
| and purchase. Eventually over the 
| next 10 to 20 years he expects color 
| television to be fully integrated with 
present black and white broadcasting. 

“We are on the threshold of a new 
age, the “Telectronic Age,’ which will 
effect tremendous changes in our pat- 
ACTUAL SIZE | terns of thought, morals, actions, com- 
mercial operations and everyday liv- 
ing,” Dr. DuMont said. 





Electricity Use Doubled 


The use of electricity in the United 
| States has doubled every ten vears 
since 1910 and this goal will again 
be attained by 1960, said Andrew W. 
Robertson, finance chairman of West- 


ME-Z RELEASE 


POWER CONNECTORS Series ME-Z 16 


Ideal in situations where rapid interchange of 
components is desired. Spring contacts in- 
dividually loaded for minimum insertion and 
disengagement force. Available with 18 or 34 
contacts for #16 AWG wire. 10 amp. continuous 
current rating. Made in accordance with 
“BUORD” drawings No’s. 814403, 814404, 


inghouse Electric Corp. 

“The thing which made the past 50 
years outstanding,” Mr. Robertson 
said, “is the fact that everywhere we 
turn—at home, at work, at play—we 
have almost unlimited power, force 
or energy to do our bidding. A large 


percentage of this energy is provided 
by electric power.” 


855264, 855265, 1140438 and 1140439. Your 
choice of molding compounds: Mineral filled 
Matomine, Plaskion Reinforced Alkyd type or | simists” predicting recession was 
Dially! Phthalate. | voiced by Ralph J. Cordiner, presi- 
| dent of the General Electric Co. He 
held unjustified the fears that the 
growth in American industry in re- 
cent years has been so largely stimu- 
lated by defense production that the 
rate of such growth will abate. 
The annual totals in goods and 


nara | 
os | | services produced in the United 
| States from the beginning of the in- 
| | dustry down to today, makes clearly 


apparent the “fallacy of the mature 
ELECTRONIC SALES DIVISION 


Strong reproof for “gloomy pes- 


Write for Engineering Bulletin ME-Z 16 to 
Dept. EML-2, DeJUR-Amsco Corporation, 45-01 
Northern Blvd., Long Island City 1, N. Y. 


economy” he asserted. He quoted 
| figures to prove that it is not only a 
| growing but a tremendously expand- 
ing economy and one certain to con- 
DeJUR-AMSCO CORPORATION tinue indefinitely. 
The private electric utility industry 
See the DeJUR line at Booth 200, “Production Road,’ Radio Engineering Show, March 22-25. alone, he declared, is spending $20 
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Improvement: 
in electrical 
contacts make 
control 
improvement 
possible... 


cat Fansteel on your 


electrical contact problems... 


this is important fo you: Since 1914, Fansteel has con- 
tributed (and continues to contribute) a generous share to 
electrical contact improvement . . . 1n design, in metallurgy, 
in manufacture. Since 1914, Fansteel has produced con- 
tacts in infinite variety... by the billions! 


There is no substitute for this kind of experience 

no short cut to the sum-total of know-how and 

can-do it represents. Because of it, you can depend on 

Fansteel for expert counsel, as well as for almost limitless 

production facilities. You can expect to get better con- 
tacts at lowest over-all costs. 






FANSTEEL METALLURGICAL CORPORATION jortn cuicaco, ittino!s RRR RISITISOE TSS Tas 


A reference text 


Since 1914, World’s Largest Producer of Electrical Contacts for engineers 
42102 
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FOR POSITIVE, LOW-COST 
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Only the manufacturer of genuine Bead Chain 
offers you a new, more versatile belt drive that 
will accurately time and control the movement 
of all types of devices. Among such applications 
are radio and television tuners, recorders, air 
conditioners and timing devices. Costly gearing 
mechanisms can be eliminated and efficiently 
replaced by the specially designed sprockets that 
accurately fit the individual beads without slip- 
page and backlash. Friction is at a minimum 
and tensile strength of the Bead Chain belt (from 
15 to 200 Ibs.) is very high in proportion to 
size and weight. 





Write to us today for detailed information 
about sprockets and Bead Chain belts. It can 
save you a lot of time and money later. 


THE BEAD CHAIN MANUFACTURING CO. 
13 Mountain Grove St., Bridgeport, Conn. 


Please send me information about 
Bead Chain sprocket drives. 


THE BEAD CHAIN MANUFACTURING CO., Bridgeport 5, Conn. 
original and world’s largest producers of Bead Chain 





billion in the 10 post-war years and 
may well have to double its volume 
of service and facilities in the next 
10 years. The electrical manufactur- 
ing industry as a whole is expected to 
account for 6 per cent of the entire 
national production in 1963 as com- 
pared with 4.1 per cent in 1952 and 
only 1.75 in 1925. 

Industry must be prepared to build. 
install and service as much electrical] 
equipment in the next 10 years as 
it has in the entire preceding 75 years 
of its history, declared Mr. Cordiner. 
He illustrated the heavy rate of 
growth by citing the $1,100,000 pro- 
gram of expansion in his own com- 
pany in the 10 post-war years, 75 per 
cent of it going for new equipment 
and machinery made available by 
rapidly accelerating technology. 

The purpose of the RPI Industrial 
Council is to promote greater under- 
standing and goodwill between the 
public and industry. Dr. Ray Palmer 
Baker, vice president of RPI, is direc- 
tor of the council. Chester H. Lang, 
vice president, General Electric, 
serves as general chairman. Wen 


Prefabricated Wiring 
Harness Widely Used 
By Manufacturers 


A RECENT SURVEY covering over 500 
manufacturers in six selected industry 
groups covering 34 product lines indi- 


cates that as high as 91 per cent of the 


manufacturers in certain product lines 
are now using prefabricated wiring. In 
the group as a whole over 50 per cent 
are using wiring harnesses. 

The study was made by Wallace 
Behnke and Associates, research and 
marketing consultants, Milwaukee. 
The purpose of the study was to estab- 
lish the extent of use of prefabricated 
wiring systems, the future potentials 
in this market and the advantages oc- 
curring to product manufacturers. 

The six selected industries included 
in the survey and their related prod- 
ucts follow: 

1. Refrigeration—65 per cent use 
prefabricated wiring. Products _ in- 
cluded domestic refrigerators, home 
freezers, water coolers, vending ma- 
chines, beverage coolers, frozen food 
display cases, dairy and meat display 
cases, ice cream cabinets, walk-in 
reach-in freezers, walk-in  reach-in 
coolers. 

2. Miscellaneous Appliances — 63 
per cent use prefabricated wiring. 
Dishwashers, heaters, clothes dryers, 
ironers, washing machines, vacuum 
cleaners, bed blankets. 

3. Air Conditioning—47 per cent 


ELECTRICAL MANUFACTURING 


es ee 


Says SHALLCROSS MANUFACTURING COMPANY, 
Collingdale, Pa.: “For 25 years we have been using 
Driver-Harris Manganin wire in the construction of 
Wheatstone and other precision bridges. In addition, 
D-H Manganin alloy has been used in many special 
standards for research and development laboratories. 
We feel that the quality of our products and the reputa- 
tion of our instruments have been greatly enhanced 
by its use.” 

Behind statements like these stand Driver-Harris pro- 
duction and drawing techniques, which provide Man- 
ganin of such fixed stability that maximum change in 
resistance between 15°C and 35°C is only about 15 
parts per million per degree centigrade—and fre- 
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MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 


DOUBLE-PURPOSE 


BRIDGE. This Shallcross 
Model 6320 Wheatstone 
Limit Bridge can be used 
both for exact resistance 
readings and, in production, 
for rapid checks on percent 
deviation from an accepted 
standard. Cverall range 

ear Tale Pict Om MeL tml) 
111,110,000 ohms. All 
resistors are D-H Manganin. 





quently Jess than one-third this amount. Equally good 
electrical characteristics are available for ammeter 
shunt stock operating between 40°C and 60°C. 

The experience of Shallcross reflects the experience of 
a host of manufacturers throughout the country; reflects 
what you can expect from Driver-Harris products, 
whether Manganin or any of the numerous alloys devel- 
oped by Driver-Harris for application in the electrical 
and electronic fields. 

Whatever your alloy problem, therefore, let us have your 
specifications. We'll gladly put at your disposal the 
skills acquired from 50 years of alloy manufacturing 
experience ... make recommendations based on your 


specific needs. °*T. M. Reg. U. S. Pat. Off. 


Sole producers of world-famous Nichrome* 


Driver-Harris Company 


HARRISON, 
BRANCHES: Chicago, 


NEW JERSEY 


Detroit, Cleveland, Los Angeles, San Francisco 
In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario, 
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Class 11 Short Form 


Available in a wide variety of 


e Contact combinations 

e Coil operating voltages or currents— 
DC only 

e Coil resistance from .12 ohms to 
14,500 ohms 

e@ Hermetically sealed or dust-tite en- 
closures 


- arabes Barty 
¥ EE BY 








Class 22 Long Form 
Available in a wide variety of 
@ Contact combinations 


@ Single or Twin contacts 

@ Coil operating voltages or currents— 
AC or DC 

e@ Coil resistance from .12 to 20,000 
ohms 

e@ Time delay—slow release to 125 milli- 
seconds—slow operate to 75 milli- 
seconds. 

e@ Fast acting—3 to 5 milliseconds 

@ Hermetically sealed or dust-tite en- 
closures 


Hermetically Sealed Relays 


Specialists in hermetically sealed relays 
to the highest quality standards—over 
fifty varieties of enclosures available. 


SPECIAL RELAYS to your speci- 


fications—send for FREE Engineering 
Bulletins 


MAGNECRAFT 


ELECTRIC COMPANY 


1446 W. Van Buren St., Chicago 7 
CHesapeake 3-5020 
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use prefabricated wiring. Window- 
tvpe air conditioners, package type 
humidifiers, package type dehumidi- 
fiers, self-contained store and office air 
conditioners. 

4. Domestic Ranges—35 per cent 
use prefabricated wiring. Gas ranges 


with electric controls and_ electric | 


ranges. 

5. Heating Equipment—35 per cent 
use prefabricated wiring. Electrically 
controlled gas burners, oil burners, 
gas-fired units, oil-fired units. 

6. Electric Controls—35 per cent 


| use prefabricated wiring. Airplane 
| and automotive, refrigeration and air 








conditioning, heating, welding, electric 
motor starters, telephone equipment, 
relays. 

In the first group, approximately 
91 per cent of the manufacturers of 





domestic refrigerators and 82 per cent | 


of those producing home freezers were | 


found to be using wiring harnesses. 
Of those using wiring harnesses, 
close to 90 per cent report realizing 


| cost advantages and about 50 per cent 


are realizing engineering and other ad- 


* | vantages, such as more uniform qual- | 
| ity, easier production planning and | 
y | improved inventory control. The fig- | 
| | ures given above may be considered as 
| a measure of acceptance and recogni- 
| tion that prefabricated wiring harness 
| does afford definite advantages to the 
| electrical manufacturer. oo0 


Reds Outdo U. S. 





PUBLIC CONCERN over Russian devel- | 


opment of the H-bomb is justified 


but, in the opinion of W. H. Eisen- | 


man, national secretary of the Amer- 
ican Society for Metals, too few are 
mindful of the fact that the commu- 


j . . “<< ” 
| nists are developing another “weapon 


that will give them an 8-1 edge over 
the U. S. by 1954. 

That weapon is the numerical su- 
periority Russia holds in the quota of 
engineers it is training, according to 
Eisenman. This constitutes a force 
that, for collective efficiency, out- 
weighs any single type of ordnance, 
he believes. 

The American Society for Metals is 
gravely concerned over the shortage 
of potential engineering talent in 
America. According to present esti- 
mates, the number of engineers who 
will graduate in 1954 from U. S. col- 
leges is expected to drop to only 
12,000, while the U.S.S.R. continues 
to graduate 100,000 engineers each 
and every year. 

This should be of deepest concern 
to all of us because the United States 
more than any other nation on earth 
is dependent for its defenses and 
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The basic precision snap-acting 
switch for control of electric cir- 


cuits; solder-lug terminals. UL listed 





at 15 amp. 125 volts a-c. 


TYPE MXM-1 
Safety interlock 
switch with auto- 
matic ‘cheater re- 





lease”. 


TYPE MXT-1-Z-131 
Has_ hinged-leaf . 
actuator with ad- 





justable operating 
point. 











TYPE MX-5 


Basic switch with 





integral screw ter- 
minals. 


KMXB-2EF 
In metal case, 
with plunger seal- 
ed against dust 
and moisture. 








KMXR-2EB 


In metal case, 
with roller-style 
over-travel plung- 





er. 











TYPE MXR-1 


With _ roller-style 
over-travel plung- 








For detailed charac- 
teristics of these and 
many more Unimax 
precision switches, 
write for your free 
copy of our latest cat- 
alog. 


UNIMAX. SWITCH 


*F THE W L. MAXSON CORPORATION 





460 WEST 34th ST., NEW YORK 1,N. Y. 
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iis MADE OF BERYLCO BERYLLIUM COPPER 


The Blanchard Machine Co. solved three 
problems at once by using beryllium copper 
in the wheel holder of its surface grinder. 


First, the problem of holding the grinding 
wheel in place no matter how severe the 
vibration or how long the machine is used. 
The clamps are smaller in radius than the 
wheel. When the adjusting set screws are 
tightened so that the center of the clamp 
touches the wheel, the clamps hold the 
wheel by exerting a uniform spring pres- 
sure. They can continue to withstand this 
high pressure without relaxation, even over 
a prolonged period of time, because 
Berylco is an unexcelled spring material. 


Second, moterial previously used in this 


application continuously attracted steel 
particles by magnetization. Thus the clamps 
were always sticking. Berylco is nonmag- 
netic and self-cleaning. 


Third, to eliminate any possibility of cor- 
rosion, the clamps used to be cadmium 
plated. Berylco, being 97 percent copper, 
has high corrosion-resistant properties, elim- 
inates this extra step. 


This application shows why more and more 
designers consider Berylco an ideal engi- 
neering material. No other alloy combines 
such desirable properties as corrosion 
resistance, strength, conductivity, fatigue 
resistance, and ease of forming. To find out 
what Berylco can do for you, for engineer- 


ing help or for sample material, write ony 
of the sales offices listed below. 


COMPLETE 


This 16-page Product 
Directory covers the 
largest selection of 
beryllium copper 
forms and materials 






available anywhere. 
Send for your free 
copy today. 


TOMORROW'S PRODUCTS ARE 
PLANNED TODAY...WITH 
BERYLCO BERYLLIUM COPPER 


DEPT. 4B, READING 5, PENNSYLVANIA 


New York © Springfield, Mass. » Rochester, N.Y. « Philadelphia « Cleveland + Dayton « Detroit » Chicago * Minneapolis * San Francisco * Los Angeles 


Representatives in principal world-trade centers 
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New Design Compendium on 


Automatic Production 


Ix a continuing editorial program reporting developments in 
automatic production and assembly of electrical equipment, 
special attention has been directed to the design of control 
systems. Feature articles have described automatic production 
methods, work handling systems, monitoring controls, tape 
controlled machines and other related developments. 

A selection of 12 of these articles appearing since 1948, 
describing major developments in automatic production, has 
been brought together in a convenient 72-page booklet, Design 
Compendium No. 7 on “Automatic Production.” Each article 
is reproduced in complete form with all original illustrations, 
schematic and circuit diagrams. Subjects include: 


Machine Produces Complete Radios Automatically, June 1948, page 116. 
Staff report of a British development in which channels for sprayed 
metal conductors are sand blasted in a plastics panel, all components 
except tubes, capacitor and speaker are automatically incorporated. 


Parts Machined Automatically, August 1950, page 114. Punched paper 
tape feeds data to computer servo to control all operations of a lathe. 


Miniaturized Amplifier Designed for Automatic Assembly, August 1951, 
page 88. Components designed for self-positioned end-to-end assembly 
with an insulating wrap containing all conductors; component termi- 
nals connected to conductors in wraps; automatic indexing machine 
makes all soldered connections. 


The Automatic Factory, March 1952, page 246. Summary of recent study 
at Harvard Business School; computers supply the brains, servos the 


hands. 


The Age of Computers, January 1953, page 67. Editorial emphasizes cost 
factors in the automatic factory concept. 


Automation—The Advent of the Automatic Factory, February 1953, page 
240. Review of book of this title by John Diebold dealing with social 
impact of the automatic factory; how to make machines automatic, 
some existing examples of automatic factories; automatic handling of 
information. 


Monitoring System Provides Centralized Control, May 1953, page 98. 
Abnormal conditions in automatic equipment are checked, annunci- 
ated and recorded in a memory bank which releases data at printing 
speed to an automatic printer. 


Automatic Assembly of Electronic Equipment, July 1953, page 97. Details 
of the design of an automatic production line for a radar chassis 
developed under a program sponsored by the Air Force. 


What Makes Automation Click, July 1953, page 128. Automatic part- 
handling systems provide a waiting period to rationalize different time 
cycles of complex machine tools; limit switches and relays arranged 
to anticipate every contingency. 


Matching Loads and Speeds on Conveyor Drives, August 1953, page 90. 
Separately motorized conveyors for automatic assembly are synchron- 
ized with servo systems using magnetic amplifiers. 


Tape-Controlled Machines, November 1953, page 102. Striking example 
showing how human skill can be recorded and repeatedly fed into a 
machine to eliminate human variables and add automatic operation. 


Automatic Production of Modular Electronic Subassemblies, November 
1953, page 156. Automatic system developed by NBS is based on tiered 
stacking of wafer elements carrying printed circuits; assembly and 
soldering are mechanized. 


Control of Automatic Conveyor System, December 1953, page 86. Elec- 
trical interlock and traffic control circuits provide precise synchroniza- 
tion in new type of conveyor drive developed for automatic assembly. 


Copies are available at $2.00 each on requests accompanied by remit- 
tance, including 3 per cent sales tax for New York City deliveries. Send 
orders to Reader Service Dept., The Gage Publishing Company, 1250 
Sixth Ave., New York 20. 








standard of living on its metals indus- 
try, and the metals industry is de- 
pendent upon the availability of en- 
gineers. 000 


The Electronics 
Revolution 


SPEAKING before the National Elec- 
tronics Conference in October, Paul 
Galvin, president of Motorola Inc., 
told the assembled engineers of the 
dynamic challenge and responsibilities 
in what he termed the bare beginning 
of a vast electronic age. “The great 
march of social, industrial and military 
revolution is on,” Galvin said. “Elec- 
tronics covers all phases. Here we are 
in 1953 viewing a tremendous indus- 
try now expanded to a volume ex- 
ceeding five billion dollars per year. 
The electronics manufacturer is not 
faced with the decision of whether to 
move or not. He is too busy deciding 
which way—with such words as mili- 
tary electronics, guided missiles, color 
television, transistors, plated circuitry, 
reliability and automation flying 
around his head.” 

Economics will determine when 
transistors will be broadly used, Gal- 
vin said. When transistors are avail- 
able with a reliability equal to that 
of tubes, and a cost less than tubes, 
or when the overall use of transistors 
will result in lower manufacturing 
costs for consumer equipment, then 
transistors will be used in large quan- 
tities. The broad application of tran- 
sistors to military equipment, however, 
is a long way off, according to Galvin. 


Reliability vs Simplicity 


Regarding plated circuitry and 
automation, Galvin said that before 
maturity can be reached new concepts 
in mass production must be learned 
and accepted by production managers. 
Galvin termed reliability much more 
than ruggedizing receiver tubes and 
component parts. The first step to- 
ward improved reliability must be the 
critical evaluation of solution in terms 
of simplicity of design, ease of pro- 
duction and ease of servicing. 

As to military electronics, Galvin 
said we have learned we can do al- 
most anything the military wants us 
to do, but we haven’t learned how 
to help the military to determine what 
they shouldn’t want to do. We must 
increase the reliability, lower the costs 
and improve the practicability of mili- 
tary electronic devices. We must find 
a formula for continuing progressive 
electronic preparation without dis- 
astrous stockpiling. It would seem that 
the pattern would tend toward re- 


| 
| 
EE TTS See TT | search and development, pilot produc- 
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The tape and parts pictured are 
typical of R/M Teflon manufacture 


























gives you the plus of 
R/M’s unmatched skill, 
experience, facilities 


It is difficult to write about Teflon without appearing to ex- 
aggerate. For in many different ways this almost magic plastic— 
the most important derivative of the new wonder chemical 
fluorocarbon—is making the seemingly impossible possible. 
Parts made of R/M Teflon have already brought many startling 
improvements to the electronics and electrical manufacturing 
fields. And everyone working with it senses that the surface has 
barely been scratched—that hundreds of applications remain to 
be revealed. 





There undoubtedly are ways in which Teflon can be profitably 
put to use in your own plant. So we have this suggestion to make 
to you: consider the properties of Teflon listed below—then 
get in touch with us if you think that any of them might make 
a contribution to your operation. We will fabricate parts to 
your own specifications or supply you with Teflon in the form 
of rods, sheets, tubes or tape. 


Properties 


High resistance to acids and gases even at high temperatures * Moisture 
absorption zero * Unaffected by weather * Excellent heat stability up 
to 500°F. in continuous operation * As tape, leaves no carbon residue 
along discharge path * High impact resistance * Nonadhesive * 
Stretches easily * Tensile strength 1500-2500 psi 


*Du Pont’s trade-mark for its tetrafluoroethylene resin 


RAYBESTOS-MANHATTAN, ING 


ASBESTOS TEXTILE DIVISION 
MANHEIM, PA. 


FACTORIES: Manheim, Pa.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.: 
Peterborough, Ontario, Canada 

RAYBESTOS-MANHATTAN, INC., Asbestos Textiles e Packings » Brake Linings e¢ Brake Blocks e Clutch 

Facings ¢ Fan Belts * Radiator Hose * Rubber Covered Equipment e Industrial Rubber, Engineered Plastic, 

and Sintered Metal Products « Abrasive and Diamond Wheels e Bowling Balls 
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NEW! Ford Instrument Size 15 


TELESYN 
RESOLVER 


e Extremely accurate computing unit 


e@ Resolves input voltages into sine and 
cosine components 


@ Miniature size 
e@ Lightweight 
@ Precision built to meet rigid military 
requirements 
Rated 1-24 volts, 400 cycle input 






















Size 15 Resolver shown full size 


The Ford Instrument Size 15 Telesyn Resolver is 
available in three models with transformation ratios 
of 1:1, 4:1, and 8:1... making it adaptable to nu- 
merous applications: analog computers, angle data 
transmission systems and similar equipment. 


© FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


WRITE FOR FULL 
DETAILS — this 
data sheet gives 
you the complete 
facts. Address 
Dept. EM. 









ALL 7 f) world’s largest distributor of 


ELECTRON TUBES FOR INDUSTRY 





ALL BRANDS ~~ 
in STOCK fal IMMEDIATE DELIVERY FROM STOCK 
AMPEREX ty ALLIED stocks for quick 
aa shipment the world’s larg- 
sen est distributor inventory 
RAYTHEON of special-purpose electron 
SYLVANIA tubes. We specialize in 
TAYLOR supplying the needs of 
qUNGSOL industrial, broadcast, 
yICTOREEN governmental and other 
wEsTINGHOUSE users. To save time, effort 
and others and money—phone, wire 


or write to ALLIED for fast 
expert shipment. 


Refer to your 
ALLIED Catalog for 
all electronic sup- 
plies. Write today 
for a FREE copy of 
the complete 268- 
page 1954 ALLIED 
Catalog. 


ALLIED RADIO 


100 N. Western Ave. 
Dept. 47-B-4, Chicago 80, Ill. 





Allied Radio 


od 
Peers) 
hed 





Everything in 





Electronics from 
One Dependable Source 
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tion and limited tooling, field testing, 
more research and development and 
pilot production of improved units. 


Galvin reminded the engineers that 
theirs was a_ profession which has 
sprung into major prominence over- 
night. He charged them with prime 
responsibility for the public’s stake 
in push-button warfare equipment, in- 
dustrial automation, the commercial 
electronic brain, electronic communi- 
cation and home entertainment needs. 


rf 


De-Synchronizing 
Multi-Motor Drives 


IF THE UNITS IN BATTERIES of recip- 
rocating machines are allowed to 
operate in synchronism, powerful har- 
monic vibrations may be set up, with 
possible destructive effects on sur- 
rounding structures. In recognition of 
this problem, a simple method for 
keeping compressors driven by syn- 
chronous motors out of step has been 
developed by the Westinghouse Elec- 
tric Corporation. 

This new scheme, already applied 
to an installation of ten machines, 
equips each motor with an extra slip 
ring which has a contact segment 
built into a small are on its periphery. 
This slip ring, turning under a pair 
of brushes, closes a circuit once each 
motor revolution, A master reference, 
common to the ten motors, consists 
of a brush which is rotated at syn- 
chronous speed around a stationary 
commutator having ten evenly spaced 
contact segments, one for each motor. 

When an idle motor is started, it is 
brought up to speed and synchronized 
by leaving the compressor unloaded 
and the motor field weak. A set of 
relays then begins to reverse the 
motor field excitation. With each re- 
versal, the motor slips a pole. This 
process continues until the motor slip 
ring contact closes at exactly the 
same instant as that motor’s indexing 
contact on the master reference. At 
that instant, a high speed relay closes 
to terminate the field reversing proc- 
ess and to increase the motor field 
current to normal. The relay also oper- 
ates a signal to the operator that the 
compressor may be loaded. All ten 
motors are adjusted so that each set 
of slip ring contacts closes at ap- 
proximately the same angular position 
as occupied by the compressor crank 
for each machine. However, since 
each motor’s indexing contact on the 
master reference is different from that 
of every other motor, the ten com- 
pressor cranks are out of step with 
each other and vibration is held to a 
minimum. ooo 
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Sta-kon terminal 


| | 
} i“ 4 
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How Sta-kon’ pre 
save wiring time 


]. T&B Sta-kon terminals 
are easy to install 





Just one simple operation with a T & B Shure Stake 
hand tool or production line tool and the job is done. 
Terminal and wire, either solid or stranded, are staked, 

under terrific pressure, to a near solid mass — all in a 
matter of seconds. Terminal barrel never relaxes its 
grip. Foolproof tool operation prevents improper 

installation — connections won’t vibrate loose .. . 
can’t fail under severe stresses. 


ssure terminals 





locations 


Sta-kon Junior Terminals are specially 
designed for fast hook-ups in confined 
areas, particularly on small blocks or 

where there is close spacing between 
barriers. Terminals are one-piece cop- 
per alloy with over-all dimensions at a 
minimum. Sta-kon Junior Terminals far 
exceed UL requirements for strength 
and conductivity. Both slotted and ring 
types available. 






a 


assembly lines 





Portable or bench-mounted, air or 
foot-operated tools are available for 
high-speed production line work. All 
designed for a minimum of operator 
fatigue. No flame, heat or fluxing 
required to install T & B Sta-kon 
Terminals. 

Complete lines available in varied 
tongue styles and stud sizes with and 
without insulation grip. Wire sizes 22 
to 4/0. Write for Bulletin 61. 


IT’S THE MARK OF AN AUTHORIZED T & B DISTRIBUTOR 
The complete line of T & B fittings for conductors and raceways is sold only by 
recognized electrical wholesalers. It’s our way of assuring you the service and savings 


ENGINEERED 


LOOK FOR THIS SIGN — 





of a friendly local source. Call him for all your electrical needs. 7326 
THE THOMAS & BETTS CO. 
INCORPORATED 


28 Butler Street - Elizabeth 1, New Jersey 
Thomas & Betts Ltd., Montreal, P.Q., Canada 
MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
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| 
a complete service to 'Desion Trends | « 
to 
the electronics industry iConsinmed from page 156) . 
th 
ce 
af 
was of considerable concern to the Ca 
ae ; quality control system at Royal Ape» in 
Fluorocarbon Products, Inc., a division of the United States i : oe 
7 but was thought to be a condition CC 
Gasket Company, offers a complete line of components, parts, that could not be improved di 
materials and special assemblies for the electrical and elec- This problem was finally brought 
tronics industries— incorporating duPont TEFLON and Kellogg’s to a head by the movement of the oO 
KEL-F, the outstanding Fluorocarbon plastics. | company to a building large enough ti 
As pioneer fabricators of these materials, U.S.G. offers tech- | to allow the use of a straight produc- 
niques in Quality Control and materials application worthy of | tion line. In applying for a fire de 
your attention. partment permit for the brazing (a 
seemingly routine affair) Royal Apex 
Pee was informed that a separate fireproof 
: | room would be necessary. This meant 
“| | that an integrated production line 
would not be possible and that the 
i | parts would have to be moved over 
| to the room in a separate operation 
| at an obvious increase in cost. 
| After analyzing the product and its 
es - — a »yroduction requirements, Burndy 
7 and 9-pin Miniature Chemelec Tube Sockets Tubular Miniature Chemelec Trimmers for low I , 
Teflon or Kel-F Bodies. Saddle or can types inductance and straight-line, noise-free adjust- Engineering recommended the use of 
Catalog Nos S0-427 and SO-439 ment. High temperature polystyrene or Teflon a ferrule connector,® installed with 
insulated. Catalog Nos. TR-535 and TR-535X 
*See ‘“‘Grounding Shielded Cable,’’ December 1952. i 
page 128 
i ; 
8 | | 1 





{ 

f 

ies } 
Miniature stand-off insulators. Teflon insulated Chemelec Miniature Feed-Through Insulators, 

Screw, stud, rivet or compression mounted threaded metal body type Teflon insulated 

Catalog No TE-400 Catalog No CF-406 





FLUOROCARBON PRODUCTS INC. DIVISION 





© Fig. 2—Assembled pot for the Broil- 

Quick fryer cooker; Calrod heating 

es  ] sy element is cast into an aluminum pot. 
bd \ Leads to heating element were for- 

SUE merly brazed; change to a solderless 


PRECISION MOLDED AND MACHINED PARTS | connector reduced rejects, cut costs 


AND ASSEMBLIES TO CUSTOMERS SPECIFICATIONS and aided in setting up an integrated 
assembly line. 
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a simple ratchet controlled hand tool. 
(The ratchet control automatically in- 
sures a full depth of crimp since the 
tool cannot be released until the 
crimp is completed.) This permitted 
the use of stranded wire, with the 
complete elimination of all break- 
ages from this cause. Since the two 
causes of rejects—breakage and braz- 
ing—have been eliminated from the 
connection, the rejects have gone 
down to zero. 

The time required for installation 
of these connections is only % of the 
time required for the old brazing 





Fig. 3—Several years of normal serv- 
ice were simulated in this life test in 
which the pot was cycled without any 
liquid load. 


method. Even ignoring the fact that 
relatively unskilled labor can be used 
for the new method, there is still a 
clear saving of 1¢ per unit over the 
old method. In addition, the only 
quality inspection necessary is the 
standard quality control on a statis- 
tical basis. The former brazing 
method of assembly required 100 per 
cent inspection. The production line 
setup retains flexibility, since no fixed 
station is necessary for the terminat- 
ing operation. With the brazing 
method a fixed station with fireproof- 
ing and fume removal ducts would 
have limited this phase of the opera- 
tion to a definite area. 


Accelerated Life Test 


The connection itself has been 
under laboratory test for a simulated 
period of five years of constant on-off 
heat cycling operation and has stood 
up perfectly. The pot was tested with 
no stabilizing liquid in it, giving tem- 
perature fluctuations much greater 
than under actual use. 

An interesting sidelight is that at 
first it was thought that the use of 
a mica washer between the ferrule 
and the end of the Calrod shielding 
might be necessary to prevent short 
circuits. Experience shows, however, 
that the use of such washers is not 
necessary when the ferrule termina- 
tion is used. OOO0 
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components 
parts - materials 
special assemblies 


Feed-Through Insulators, Chem- 
elec Multi-Bond, Teflon-metal 
Hermetic Solder seal and gasket 
types. Catalog Nos. CF-400 
and CF-414. 


Chemelec Multi-Bond is Teflon 
with an interlocking metallized 
surface which permits soldering 
for hermetic sealing or with a 
specially prepared surface for 
cementing with commercial adhe- 
sives. Catalog Nos. MI-424 
and MI-443. 


Chemelec Special Electronic com- 
ponents and assemblies employ 
various original techniques of 
molding Teflon around metallic 
structures, applying metal inserts 
in Teflon, and the development 
of stand-off, feed-through and 
mounting hardware which per- 
mits Teflon to replace other con- 
ventional insulating materials. 


yA 


os 


RET company 


FABRICATORS OF duPont TEFLON, Kellogg KEL-F 


AND OTHER PLASTICS 


MOST COMPLETE LINE OF QUALITY CONTROLLED SHEETS. 
BARS. CYLINDERS. TAPE. RODS, TUBING 
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ST a a 
LOXSWITCH TTL a | 
1S MORE DEPENDABLE 








Denison 

Loxswitch 

L-100 Switch B Switch C 
Speed of Break—tnches per Second* 48 25 24 | 
Contact Bar Pressure—oz.* 10 - 7 
Torque to actuate with return spring—In. Oz.’ 170 220 230 | 
Torque to produce overtravel—15°—In. Oz." 185 435 360 
Torque to actuate with return spring removed— 45 75 65 
In. Oz.* 
Torque to produce reverse overtravel 40 435 360 


*Tests by James H. Herron Company, testing laboratory 
**Tests by F. E. Brammer, assoc. professor, Dept. of Electrical Engineering, Case Institute of Technology 


These tests prove conclusively the superior- 
ity of Loxswitch Limit Switches. Note the 
faster break due to the trigger-type op- 
erating mechanism and the greater con- 
tact pressure. Also observe the lower 
torque required to operate a Loxswitch. 
This means less strain on the switch. . . 
and far longer life . . . over 25,000,000 
actuations in mechanical tests. Why settle 
for less? Standardize today on Loxswitch 





limit switches, made to J.1.C. standards. 
Easily adapted to most existing instalta- 
tions. All parts are quickly replaced with 
standard tools. Prompt delivery. Wire, 
write or phone today. 

















| _R. B. DENISON MFG. CO 
PA AIL 4220 Hough Avenue « Cleveland 3, Ohio 
COUPON ; Please’ send me your catalog and price list on Loxswitch 
| 
eee Name a ___ Title sa 
For Further , eas . 
Information | “~~ : ; 
j City Stete 
OB a ARN SRN COR 
L OXSWITCH 
330 





Protecting Relay Contacts 
Against Arcing 


(continued from page 139) 





the relay coil terminals in much the 
same manner as a resistor or capacitor, 
eliminating the use of additional 
mounts or cabling. 

Still another advantage of the back- 
to-back arrangement is its use in a-c 
circuits, where the number of block- 
ing and suppressing rectifier cells 
must be equal. In d-c service, how- 
ever, the number of suppressor cells 
need not be the same. Increasing the 
number of suppressing cells decreases 
the relay release time but increases 
the voltage across the contacts. 

Fig. 8 illustrates actual wear on 








(ec) 


FIG. 8—Photographs of (a) unpro- 
tected relay contact; (b) protected 
with back-to-back rectifiers; and (c) 
pure mechanical wear for same num- 
ber of operations as (b). 











Effect of Contact Protective 
Device on Relay Release 
Time and Contact Voltage 


Release | Peak volt- 
time age at the 
millisec contacts 


Selenium 





rectifier 1.0 83 
Back-to. back 

rectifier 1.3 180 
Unprotected 

contacts 1.0 400 to 900 















Relay coil specs.: 0.485 henry, 167 
ohms, 0.293 amp. Line voltage, 48. 
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Mallory Silver-Cadmium Oxide Contacts 


Write for your copy of the new 


Mallory Contact Catalog. It in- 


contacts and contact assemblies 


for every service. 


| 

| 

| 

| 

| cludes a discussion of all Mallory 
| 

| 

| 

| 

| 


| 
| 
| 
| 
| 
alloys and facilities for producing — | 
| 
| 
| 
| 


Expect more... 


Get more from 


Serving Industry with These Products: 


Electromechanical—Resistors @ Switches © Television Tuners ¢ Vibrator: 


Electrochemical—Capacitors © Rectifiers 


Metallurgical— Contacts ¢ Special Metals and Ceramics © Welding Materials 
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may solve your problem 
without increasing costs 


If vou are having difficulty with fine-silver contacts tending to stick or 
erode under arcing you may find the answer to better performance in 
Mallory Silver-Cadmium Oxide Contacts. 


Mallory has developed a group of composition materials that have higher 
conductivity than comparable alloys of the same material and also have a 
high degree of resistance to sticking and erosion. Here are two typical 
examples of its performance: 


In overload tests on aircraft relays, these Mallory Silver- 
Cadmium Oxide Contacts interrupted 250% more current 
without welding than fine silver. 


In a 440-volt AC motor controller test, these Mallory 
Silver-Cadmium Oxide Contacts resisted arc erosion 40% 
better than fine silver. 


For an improved combination of high conductivity and anti-sticking 
qualities, get in touch with Mallory now about silver-cadmium oxide 
contacts. For applications in the broad field of relays, controllers and motor 
starters, it is likely they will improve your performance. It is possible they 
will permit you to re-rate your equipment for higher capacities. And in 
many cases the cost is no more than for fine silver. 





M EVEN Na ee 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


MALLorY 












e Mercury Batteries 
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é& 
LAG CTE TIMERS CONTROL 


precise roll threading operations 


The threading accuracy of this 
Steinle Roll Threading Machine is 
directly related to the highly 
dependable Cramer Timers which 
govern the roll slide movements. 
This carefully predetermined slide 
travel must be extremely accurate 
in order to insure thread precision 
and uniformity. 

The Cramer TE Timer, at left, con- 
trols the time of dwell of the roll 
slide in its forward position, while 
the one at right dictates the exact 
loading interval. A simple adjust- 
ment of either timer permits slow- 
down or speed-up of the action. 
Cramer-controlled threading op- 
erations on the Steinle machine 


have been speeded to 40 com- 
plete cycles per minute without 
sacrifice of thread accuracy. There 
has never been a report of timer 
failure. 


The Steinle Machine is widely 
used by aircraft manufacturers 
and others who require extremely 
accurate threads. Cramer Timers 
are specified as original equip- 
ment for these machines due to 
their unusually high standards of 
accuracy and dependability. 


If you have a time control prob- 
lem, Cramer can help you. Write 
for complete information or tech- 
nical advice. 


The overall accuracy of the Type TE (in- 








unprotected and protected contacts. 
At a is a photograph of an unprotected 
relay contact after 1,300,000 opera- 
tions. Pictured at b is a contact after 
50,000,000 operations with the same 
load but with a back-to-back rectifie: 
across the coil. At c is an illustration 
of the mechanical wear of the con- 
tacts after the same number of opera- 
tions with no current passing. The 
metal from the contact pit pictured 
in Fig. 7a has been deposited on the 
opposite contact and can result in 
contact locking or snagging. This pos- 
sibility has been eliminated by the 
use of selenium rectifiers. 

The use of selenium rectifiers to 
contact protection has the advantage 
of small size, long life, ease of mount- 
ing, and low cost. While providing 
extended contact life and eliminating 
the possibility of the relay contacts 
locking or snagging, such rectifiers 
also eliminate r-f interference and line 
transients. O00 


Bibliography 
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land, 1949. 

Investigation of the Selenium Rectifier 
for Contact Protection, H. F. Herbig, 
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Contact Phenomena in Telephone 
Switching Circuits, A. M. Curtis, 
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Feature articles published in ELecTRicaAL 
MANUFACTURING relating to contact 
protection include the following: 


Making Electrical Contacts Stand up in 
Control Service, January 1951, page 
102. Causes for failure analyzed; ad- 
vantage and limitations of contact ma- 
terials tabulated; how to increase con- 
tact life. 


Designing an Air-Break Contactor for 
High Voltage Service, January 1951, 
page 92. Includes problems in selec- 
tion of contact material and contact 
shape. 


How to Use the Oscilloscope as a Design 
Tool, July 1950, page 98. Method for 
testing contact material and designing 
arc suppression circuits. 

Resistance Brazing of Electrical Con- 
tacts, September 1949, page 124. Ad- 


eR 


clusive of setting) is within 2%, with 
repeat accuracy within '/. of 1%. The 


vantages over riveted contacts. 
unit is Underwriters’ Laboratories listed 
1 
| 
| 


Preventing Corrosion in Relays, May 
1949, page 116. Arcing at contacts in 
partially sealed relays forms corrosive 
products. 


for use in industrial control equipment. 


Contact Resistance Related to Shape, 
July 1948, page 83. Problems in a 
high-voltage disconnect switch. 





SPECIALISTS IN TIME CONTROL 


How Contact Arcing Can Be Minimized, 
January 1945, page 94. Effect of con- 
tact material and contact design on 
arcing at make and break; basic prob 
lems in arcing. 
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STEP AHEAD...KEEP AHEAD 


with the RELIANCE 





The All-Electric 
Adjustable-Speed Drivethat | 
eliminates mechanical | 

| 






A-C. POWER 
TO CONTROL UNIT 


ities 
gearboxes, clutches and 
variable-pitch cone pulleys 


OPERATOR'S 
CONTROL 
STATION 


Reliance V+S Jr. is bringing the 
benefits of smooth, shockless oper- 
ation... powerful starting ...wide 
speed ranges... fast reversing... 
quick stopping...to users of small 
machinery in many industries. 
Progressive machinery builders, 
too, are building these desirable 
sales features into their machines 
with the VS Jr. To step ahead... 
and keep ahead ...of competition, 
find out today what the VsS Jr. 
can do on your application! ps 


ADJUSTABLE-SPEED 
DRIVE MOTOR 


SAVES YOU MONEY 10 WAYS: 


@ Boosts output @ Reduces 
e Cuts down "down time” 
rejects @ Simplifies GET THE FACTS! 
machine design 
. — — e Rissa ” Ask for Bulletin D-2102. It describes 
. ae cee and illustrates features, applications, 
safety aegis components and operation; dimen- 
e Handles more e Cuts changeover sions and characteristics also are 
jobs time included. 


e@ Operates from a-c. 


RELIANC 


Bs 1054 Ivanhoe Road, Cleveland 10, Ohio. + 
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ELECTRIC AND 
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Metal Statistics 





| Metal markets at the start of the new year were 

clouded in uncertainty as producers polished their 
_erystal balls and attempted to predict the outlook 
| for 1954. Yet, despite an obvious improvement in 
_ the supply situation and a sloughing off in demand, 
| the Government acted to spur buying of stockpile 
materials to meet announced objectives, including: 
aluminum, copper, zine, cobalt, columbite, chro- 
mite, manganese, molybdenum, nickel, platinum. 
Many problems were still unresolved as 1954 began 


and consumers, wary as they have been for some 
months, were buying sparingly. 


ALUMINUM. Primary aluminum had a good vear 
in 1953. On the basis of statistics for the first ten 
months, primary aluminum production for the year 
was estimated at 2,500,000,000 Ib, or approximately 33 
per cent over the 1,874,664,367 lb produced in 1952, 
according to the Aluminum Association. Had there 
not been a power shortage in the South during the 
vear, output would have been even higher. Because 
of the “higher production level, the tight supply situ- 
ation in aluminum was eased considerably and much 
more metal was available for civilian purposes. It is 
expected that aluminum users will have even more 
metal available to them in the coming months. 

Voicing optimism over the outlook for aluminum 
in the vear 1954, prominent industry spokesmen point- 
ed out that aluminum has been accepted by the 
American consumer to an even larger extent than 
previously. I. W. Wilson, president of Aluminum Com- 
pany of America called 1953 a year when “the United 
States aluminum industry continued its record-shat- 
tering growth” and while voicing faith in the coming 
vear emphasized that the stress will be on salesman- 
ship and competition. Reynolds Metal Co. president 
Richard S. Reynolds, Jr. indicated that “1954 promises 
to be a ‘selling year’, the biggest in the aluminum 
industry's history.” He predicted an increase in sup- 
ply and a greater demand. “The appliance and elec- 
trical markets for aluminum are also growing,” Mr. 
Reynolds indicated, “as the qualities and economies 
of aluminum become more familiar to industry. Long 
used for high voltage transmission cable, aluminum 
is being used now in substantial quantities for cov- 
ered wire as well.” 

As the year started, representatives of the various 
branches of the aluminum industry discussed some 
of their problems with Government representatives 
in Washington. Represented were producers, smelters, 
fabricators and distributors and the main topic of 
discussion was the problem of exports and imports. 
Most of the industry representatives present reported 
some anxiety over the increasing amount of fabricated 
aluminum being shipped to the U. S. which, they 
declared, represented dumping goods on the Amer- 


ROYAL ELECTRIC COMPANY, Inc., PAWTUCKET, R. 1. ican market. 
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You'll find no radial cracks in CTC. 
terminal boards, or ‘“‘cracked’’ rivet 
shanks on terminals. And there’s a good 
reason for this. 

Our swaging machines use tools that 
we designed ourselves in order to pre- 
vent just such damage. Terminals are 
fastened securely — and carefully. You 
benefit from a board that has no ‘‘weak 
spots’? — that can give you the service 
you have a right to expect. And, of 
course, you also benefit from all the 
other quality control details that enable 
us to offer our customers guaranteed 
components — custom or standard. 
Coatings are smoothly applied — no 
wrinkles, no heavy deposits. C.T.C. 
terminals are made from certified stock 
that is free from defects. And the 
terminals themselves are guaranteed, 
even to the thickness of the coatings. 

This C.T.C. quality control is given 
to all C.T.C. products including in- 
sulated terminals, coil forms, coils, 
swagers, terminals and capacitors. For 
all specifications and prices, write to 
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No cracks, please 


Cambridge Thermionic Corporation, 
453 Concord Avenue, Cambridge 38, 
Mass. West Coast manufacturers con- 
tact: E. V. Roberts, 5068 West Wash- 
ington Blvd., Los Angeles 16 and 988 
Market St., San Francisco, California. 


Terminal Board Data. C'.C. makes both standard 
boards and to your own specifications. Standard 
boards in cotton fabric phenolic, nylon phenolic or 
grade L-5 silicone impregnated ceramic. Custom 
made in cloth, paper phenolic, melamine, epoxy or 
silicone fibreglas laminates, imprinted as required 
and lacquered or varnished to specifications 


MIL-V-173 and JAN-T-152. 


lp—s 


ex 


A wide variety of hardware is available at C.T.C. — 
all of it quality controlled and guaranteed for 
durability. This hardware includes terminal board 
brackets, standoff mounts, spacers, tube clamps, 
panel screws, thumb screws, dial locks, shaft locks, 
handles and handle ferrules. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components, 


custom or standard 








Case histories prove 


CU aan 


shock-resistant 


ea UMD IA 
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| CASE HISTORY 


Application 
ii-Chek battery tester, 
ent Company, 


manufactured 
or the Ce Kalamazoo, 


-part case f : 
Four-pa ic and Equipm 


by Allen Electr 
or Requirements 
ng to withs 
Material used mu 


tant handling 
st be exceptionally stro tand wh pie i. 
ae a ct with engine ports. 
conta : 
tight weight and dielectric efficiency. 
Solution 
— 12487 woodfiour-filled vee 
= sae provides high impact streng! ,9 
‘a lightness for easy handling. 


| Shock-resistant 
meets all require - 
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Case histories such as this show how you can benefit 
when you specify General Electric’s shock-resistant 
rubber-phenolic molding compounds. These extra-high- 
impact materials help you design rugged, lightweight 
plastics components which resist breakage in assembly 
and use. They solve troublesome insert problems . . 
improve product performance and appearance. 


, 







Write today for a free copy of “Design 
File—G-E Rubber-Phenolics,” containing 
new case histories and complete technical 
data. Address: General Electric Company, 
Section 416-1C, Chemical Division, Pitts- 
field, Massachusetts. 
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Pricewise there was no change in primary aluminum. 
The 30-pound ingot 99% plus was quoted at 21.50¢. 
a lb. But secondary aluminum prices dropped. In mid- 
January, the No. 12 aluminum was quoted at around 
21.00¢ and deoxidizing aluminum (Grade 4) was 
quoted at around 17.00¢. 


COPPER. Consumers of copper, at the start of the 
year, showed little change in buying policy. Brass 
mills and wire mills were keeping their purchases 
down to a minimum and this hesitancy on the part 
of customers was understandable in view of the 
continued price uncertainty of the metal. 

This price uncertainty, which has been plaguing 
the copper industry ever since the Chilean situation 
became critical, still shows no signs of being resolved 
There is little expectation that anything will happen 
until Chile concludes its negotiation with the United 
States; that is to say, until the U. S. actually buys the 
piled up Chilean copper for the stockpile and re- 
moves that tonnage from the world market. But in- 
dustry members have stopped guessing when that 
will take place. Meanwhile some observers are cast- 
ing a jaundiced eye on Chile’s attempt finally to sell 
copper at the world market price which is presumed 
to be 30.00¢ a Ib. These observers point out that 
copper has been selling abroad below the 30.00¢ 
level. For example, it has been reported that Belgian 
copper was offered at around 29.50¢ without finding 
too many takers. By the time Chile gets around to 
offering copper at. 30.00¢ it is doubted whether there 
will be any real scramble for it. 

Another Chilean strike was averted at the start of 
the new year by a last-minute negotiation. This in- 
volved the Anaconda properties at Chuquicamata 
and Potrerillos. 

Consumption of copper declined in November (the 
last available figures prior to press time). About 102.- 
000 tons of copper were consumed by domestic fab- 
ricators compared with some 116,000 tons in the 
preceding month. November consumption was one of 
the lowest consumption points of the year. Industry 
stocks of refined copper were also higher, about 7000 
tons over the previous month. 

While copper activity early in the year was routine, 
it sloughed off somewhat by mid-month when pro- 
ducers began to book orders for February. The price 
situation was unchanged at 30.00¢ a pound quoted 
by producers and 29.50¢ a pound quoted by custom 
smelters, both on a delivered Valley basis. Copper 
scrap shipments to Europe and Japan eased slightly 
in January but the price, for the most part, remained 
at a fairly steady level. 


LEAD AND ZINC. Day-to-day business in lead and 
zinc remained scaled to limited demand with con- 
sumers asking only for very moderate tonnages needed 
for immediate use. Perhaps lead demand was slightly 
better than zinc demand but it’s a good guess that 
business in both metals was far from brisk with no 
one anticipating anything spectacular in the weeks 
ahead. 

Both lead and zinc mines have been closing down 
because of high operating costs and stiff competition 
with both domestic and foreign metal and while 
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MODEL NO. D21UHP-1 (ACTUAL SIZE) 


Another outstanding EAD contribution to the minia- 
turization program is this extremely small, precision 
motor. Engineered for long life and high efficiency, it 
is especially designed for operation in confined areas 
where minimum size and weight is essential. 


Units are available in this small frame size for 400 
cycle or variable frequency operation, with 400 cycle 
power ratings ranging up to approximately 1/100 H.P. 
Modifications include high ambient and high altitude 
versions as well as servo, synchronous and gear motors. 


400 CYCLE OPERATING CHARACTERISTICS 


APPROXIMATE R.P.M. 7,000 10,500 21,000 


PHASES 1,2 1,2,3 1,2,3 
INPUT VOLTAGE 115 115 115 


(MAXIMUM) 
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imports have dropped off to a large extent there is 
still enough metal coming in to unbalance the market. 


Zinc statistics for December particularly jolted the 

| trade. Producers’ stocks of zinc jumped 15,000 tons. 
Production was around 3,000 tons higher and ship- 
ments to domestic consumers dropped 7,500 tons. 


What was alarming was the fact that producers’ 
stocks in December were at the highest point since 
1947. On the other hand, shipments at around 56,000 
tons were the second lowest for the year. There was 
no doubt that this was not calculated to set consumers 
fighting for zinc! 
Similarly in lead, both production and stocks were 
NEARBY STOCKS INCLUDE: higher in November (latest month for which figures 
i in ee | were available at press time). Domestic refined lead 
rolled & cold finished mechanical & boiler tubes | output showed a gain of close to 8000 tons while 
STRUCTURALS—chonnels, | STAINLESS—Allegheny sheets, domestic shipments of lead declined close to 2000 
angles, beams, etc. alae enemy Cage ee | tons. At the same time, stocks of refined lead in the 


hands of producers hit 67,500 tons an increase of 
Way Floor P 
aiane Srey eer ltate = GARBHTY Gassing metal almost 10,000 tons over the previous month. 
Smet Gesthceied, = «— SAAGEEEEY & POSES for mat Pricewise there were no changes during the month. 
many types & coatings al fabrication x cs 
| Lead continued to be sold at both 13.50¢ a pound 


| New York or at the average price basis. Zinc was 
| moved at 10.00¢ a pound f.o.b. East St. Louis for 
| Prime Western metal. 


Joseph T. Ryerson & Son, Inc. Plants: New York, et aie ai De shi bo an 
Boston, Philadelphia, Detroit, Cincinnati, Buffalo, TIN. Small and medium sized mines in Bolivia may 


| 
tlie Ctl Pian Cinaln, Soutien | have to shut down because their cost of production 
' gn, g°, 2p ’ ’ 
Milwaukee, St. Louis, Los Angeles, San Francisco | is $1.03 a lb while the market price of tin is only 85¢, 
a top Bolivian official declared at the start of the year. 
Meanwhile from Malaya it was reported that tin 
production for 1954 is slated at around 46,000 tons 
- — —_— — as compared with 56,000 tons in 1953. And the 46,000 
ton production is predicated on an_ international 
| agreement to bolster prices and restrict output. 

These Are Famous TT VENT TTS In the United States it was announced that tin 
hae £ production at the Government smelter at Texas City, 
My — 4 F Tex., totaled 37,651 long tons in 1953, an increase of 
: 15,110 tons over 1952. But meanwhile, reports from 
| Washington indicated that the Reconstruction Finance 
| Committee had suggested to Congress that it recon- 
| sider the necessity for operating the smelter until 
| June 30, 1956. Attainment of the Government's stock- 
| pile goal and the ample supplies of tin on the world 
| market have produced a changed situation, it was said. 
Day-to-day trading in tin at New York while show- 
ing normal fluctuation revealed no unusual patterns 
| in the past month and was characterized by one 
factor: lack of consumer demand. The price of 86.00¢ 
for spot tin mid-January compared favorably with 

the price in mid-December. 


Every Kind 


Our stocks of Certified Quality Steel are large and 
becoming more complete. Quick dependable service 
is assured. 


PLATES—U, M. & sheared, REINFORCING bors & access. 













.- Precision Wire | 

Wound Resistors 7 MISCELLANEOUS METALS—Magnesium. The base 
ee eee | price of primary magnesium extruded sticks was ad- 

vanced one cent a lb to 46¢, effective January 1 by 





b Electronic 
Specialists for 


More Than a DAVEN 


enmaidiinn | the Dow Chemical Co. Also advanced a like amount 

| was the base price of primary magnesium metal 

© Accuracies to .05% © All temperature coefficients turnings which went to 56¢ a lb in lots of 100 Ib or 

© All types of mountings @ Manufactured to famous more and 50¢ a lb in carload lots of 40,000 Ib. The 

DAVEN standards of precision @ Excellent deliveries price of the ingot was raised %4¢ to 27.75¢ a lb f.o.b. 

Write for Catalog Data Freeport, Tex. The price of magnesium alloy ingot 

remains unchanged. Dow has added two new f.o.b. 

« DAV EIN -. 176 Central Ave. | points—Port Newark, N. J. and Madison, Ill. The 
Newark 4, N. J. prices were formerly quoted only at Freeport. 
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IN MOVING AIR 


hou _ 
om 
P| Lon 
f a i . . . : 
"2 2? Every day, engineers face new problems in moving air. 
, ; ‘ . a i ‘ : ; 
‘ Ba Sometimes air movement is an end in itself—as in ventilating, 
, heating, or cooling equipment. Sometimes air movement is 
> needed to cool the device itself. In any case the air has to 
we f move in certain ways . . . under certain conditions. 
"Ss f You want your provision for moving air to work smoothly, 


efficiently. You want its power source to work quietly, faith- 
fully—with little or no attention. And you want economy— 
perhaps in space, certainly in cost. In your solution of this 
many-sided problem, Fasco can help. 


Illustrated are three Fasco shaded pole units, typical of a 

broad range of motors and motor-blowers which are at their 
’ best in fan-duty applications. 
: The variety of Fasco Motors (2-pole, 4-pole, and 6-pole— 
from 1/500 to 1/8 hp) and Blowers (from 15 to 275 cfm) is 
important to you. It can give you added freedom in your de- 
sign, by offering motors and blowers that will fit into close 
quarters or operate under difficult conditions. Or it may 
provide the advantages of a custom-built motor at a mass- 
production price. 

And most important is the engineering service that goes 
with it. If shaded pole motors will do your job—and they're 
proving themselves every day in new applications—Fasco 
engineers will make sure you get just what you want. 

To get them started, all you have to do is write a letter. 





Fasco Model 6R : 
(1/225 to 1/50 hp) internally cooled a 
—a useful power source where am- » 


bient temperatures are unfavorable. ™ 





Fasco Model 50755 


(144 cfm) a sturdy motor-blower 
unit, operates quietly at low 
4-pole speed. 






Fasco Model 3A3 

(1/30 to 1/15 hp) the 
“Space-Saver’—a quiet, 
6-pole motor, only 3 5/16” 
long. 
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Small motors and blowers for industry 


INDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 
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FOR POWER 
CONTROL DESIGNS 















Unequaled for accurate con- 
trol of intermittent machine 
operations—cutting, punching 
and packaging. Gives closer 
tolerances to cut-off, stamp- 
j ing, shearing and similar ma- 
chines. Completely automatic; 
manual, mechanical or electri- 
cal control. 















Hilliard Over-Running Clutch- 
es and Couplings are automatic 
in operation. They are unsur- 
passed for automatic two- 
speed drives, dual drives, 
stand-by drives and for allow- 
ing machinery to ‘‘coast'’ after 
drive stops. Excellent as fixed or 
infinitely adjustable ratchets. 


A reliable series of spring- 
loaded slip clutches and coup- 
lings. Rugged construction 
with ample friction surface for 
heavy-duty use. Outstanding 
for preventing overloads and 
shocks; for starting heavy 
loads; as tension drag brakes; 
for reeling and winding opera. 
tions and many other uses. 


HILLIARD CLUTCHES and COUPLINGS make machine 
drive and power transmission more efficient and economical. 
Experienced engineers will be glad to offer their advice on 
any problems. Complete descriptive material will be fur- 
nished on request. 


MP-4 
or our illustrated prochure 2 


WRITE TODAY 03 information. 


CLUTCH MAKERE FOR OVER FORTY-FIVE YEARS 


W. FOURTH STREET, ELMIRA, N. Y. 


In Canada + + * UPTON - BRADEEN - JAMES, LTD. 
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will depend largely upon military needs and Govern- 
ment stockpiling policy, a top industry official indi- 
cated in a year-end statement. Demand for nickel 
throughout the free world in 1953 continued at a high 
level with defense needs again restricting the amount 
of metal available for civilian use, said Dr. John 
Thompson of International Nickel Co. of Canada. 
Ltd. Production of nickel in 1953, he said, would 
reach 340,000,000 Ib, a gain of 20,000,000 Ib over 
1952. He pointed out that much of the expected 1954 
world production increase is under contract by the 
U. S. Government and will be delivered to it for 
defense and stockpile purposes. Constriction of de- 
fense needs might alter the position of civilian nickel, 
making it more available. 

Pricewise, there was no change in nickel in the 
past month. The contract price was maintained at 
60¢ a pound, f.o.b. Port Colburn, Ont., Canada. 


Selenium. One of the leading producers of selenium 
advanced the price of the commercial grade 99.0% 
pure to $5 a pound delivered from $4.25 a pound. 
The increase was announced early in January. 


Cadmium. Production of domestic cadmium showed 
an ll per cent increase in October. Cadmium stocks 
advanced for the fourth successive month and set a 
new peak at 200,000 pounds during the month. The 
price of cadmium was unchanged at $2 per Ib. 


Cobalt. Consumption of cobalt declined in October, 
registering a loss of 2 per cent under the preceding 
month. Production was slightly higher. There was 
no change in price during the month, the quotation 
of $2.60 per pound for 97-99% being maintained. 


STEEL. The new year opened with all sorts of pre- 
dictions for the steel industry which stressed two 
points: (1) A lower operating rate; and (2) sharper 
competition. The uncertainties that lie ahead, how- 
ever, failed to dampen the satisfaction over the per- 
formance of the industry during the past year. 

In 1953, steel production hit close to 112,000,000 
tons—an all-time record and a 20 per cent gain over 
the previous year. Despite the fact that operations 
lagged during the latter part of the year, higher 
capacity made this record achievement possible. Steel 
men were hopeful that renewed buying during Janu- 
ary and February might give the market a needed 
shot in the arm. But top officials stressed the fact 
that a buyers’ market was in evidence and _ that 
competition would be keen during 1954. 

Some curtailments were reported early in January 
in several parts of the country but reports from major 
steelmaking centers were not too pessimistic over 
the prospects close at hand. What the future holds 
for steel, however, on a long-range basis, remained 
a matter for professional prognosticators. 

Several price changes were made in the past month. 
Allegheny Ludlum raised prices of silicon steel sheets 
and tubes used in transformers, generators and motors, 
effective January 4. Base prices of regular grades of 
silicon steel, 22 gage and 2%, in. in width were 
raised $15 a ton. Two grades of grain-oriented silicon 
strip were raised $4 a ton. This advance followed an 
earlier increase by U. S. Steel in prices of silicon steel. 


ELECTRICAL MANUFACTURING 


ee 






Mia 
= - - - ’ = 


M wa oe 
F 


CROSSBAR %& 
CONTACTS %& 





~ 


ae) 
- 


a 
. 


use in telephone relays, cross bar con- 

4 tacts have found wide application in 

. miniature relays and contacts. The cross- 

a bar principal facilitates assembly in that 
13 alignment of contacts is not critical. 


Economies are effected both in the at- ” 
ey taching by Makepeace machines which - 
4G cut off and weld automatically and in 

savings in precious metal by using lami- = 
nated precious. metal capped contact <— 
tape, manufactured in production runs 
on reels —no handling of individual tips. 


% Developed by the Bell Laboratories for ame 
















RAISED LAY 
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One or more strips of silver are bonded 
to a base metal in the form of a ridge or 
bar. Costly assembly operations are re- 
duced to blanking costs...no waste of 
precious metal. Cold, hard rolling pro- 
duces required temper in base metal and 
dense, hard contact surfaces for highly 
desirable electrical and mechanical 


; qualities. 
Ef FS LEAL pk EGR I NG WE Ne 
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Precision Rectangular Waveguide Tubing ee 
‘ ae 
Microwave Components a 
Microwave Transmission Assemblies s 
. ° «“* 
Electrical Contact Material AF 


Formed Electrical Contacts 
Crossbar Welded Contacts 

Slip Ring and Slip Ring Assemblies 
Brush Assemblies . 
Precious Metals Clad to Base Metals 
Sheet—Tubing—Wire and Assemblies 
Sendzimir Precision Rolling 


D. E. MAKEPEACE COMPANY 


Division of Union Plate and Wire Co. 
Attleboro, Mass. 
Sales Offices: New York © Chicago « Los Angeles * Columbus 
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SPOT LAY* 






Makepeace 


AIDS TO 
BETTER ELECTRICAL 
CONTACTS 


2 More than fifty years’ experience in the 


# production of finely finished laminated 
and solid precious metals with the closest 
possible tolerances has made Makepeace 
the logical source of supply for materials 
which must meet the most exacting 
specifications for economy, electrical 
qualities, strength, hardness and temper 
plus longer effective service life. 
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Makepeace’s patented method brazes 
slugs of precious metal into strip stock and 
positions them exactly where needed. Now 
manufacturers of rotors in switches and 
small bridge contacts are provided with a 
new economical and efficient material with 
lower end cost and better life performance. 


*Patented 
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“ USE ROGAN’S ~* 
STOCK MOLDED KNOBS j 

®@ Modified To Meet 

Your Specifications 


®@ Markings Branded To Fit 
Your Own Requirements 


®@ Special Shaft Holes 
‘\. At Nominal Cost a 
‘ 


¢ 
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No need to pay excessive tooling costs, 
when you need knobs. Rogan can 
supply them from stock molds modified 
to your specifications, branded with 
your markings, at substantial savings. 
Send for details now. 


ROGAN BROTHERS 
8027 N. Monticello - Skokie, Ill. 
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ELECTRICAL 


CONTACTS 


PRECISION SERVICE... 


from Order to Delivery! 


Your production problems may be simplified when 
you consult an organization with a long record of 
successfully serving electrical manufacturers in all 
types of precision work. Whether you are seeking 
advice on new applications, redesign, or wish your 
own designs executed, send us your requirements, 
and they will receive our most careful attention. 


Extra KNOW-HOW 


for your specific design problems 


LAMINATED AND INLAID METALS 
Tn PRODUCTS FOR ELECTRICAL MAN 


‘ woe 
318 Washington Street, Mt. Vernon, N. Y. 
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Printed Circuits 


(Continued from page 125) 





Automatic Production of Modular Subassemblies, November 
1953, page 156. Report on the “Tinkertoy” technique devel- 
oped by the National Bureau of Standards for the Navy. 

Printed-Circuit Design Sources, December 1953, page 129. 
Survey of commercial and experimental design and fabrica- 
tion services. Breakdown of techniques, materials and 
services. 

Simplifying Fabrication of Printed Circuits, February 1954, 
page 122. Improved stencil-etch process cuts down fabrica- 
tion time. This bibliography supersedes and brings up to date 
the earlier one published in June 1953, page 346. 


Design Compendiums at 
Quantity Prices 


e For each of the design compendiums now 
available (see reviews on page 246) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a_ relatively 
large cost element, grouping of orders makes pos- 
sible substantial savings per copy. To further 
reduce cost, accounting and invoicing. operations 
involved in open-account billing are eliminated by 
requesting remittance with order. 


Prices per copy given in the table below are for 
single shipments in the quantities shown, on 


orders accompanied by remittance. 


Quantity per shipment 


a ee. ae ee 
Overload Protection 150 1.00 = 0.85 
Electro-Hydraulic Control 150 1.00 0.85 
Servo System Design 2.00 125 1.00 
Magnetic Amplifiers 2.00 135 1.10 
Automatic Production 2.00 135 1.10 
Engineering Testing 2.50 150 1.25 
Plastics, Dielectrics 3.00 1.75 1.50 
Special Package—One of 
each of above titles 9.00 


Send orders with remittance (including 3 per 
cent sales tax for New York City deliveries) to 


J. A. Campbell 
Director of Reader Service 
The Gage Publishing Company 
1250 Sixth Ave., New York 20 


Prices given above include shipping charges. 
Be sure to enclose address to which shipment is 
to go; make checks payable to The Gage Publish- 
ing Company. Orders at these prices can be filled 
only when payment accompanies the order. 
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